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PREFACE. 



MONGST tbe various branches of science stuoj 
in our academies, and places of public education, there 
are few of greater importance than that of the Use 
of the Globes. The earth is our destined habitation, 
and the heavenly bodies measure our days and years 
by their various revolutions. "Without some ac- 
qumntance with the diiferent tracts of land, the 
oceans, seas, &c. on the surface of the terrestrial 
globe, no Intercourse could be carried on with the 
inhabitants of distant regions, and consequently their 
manners, customs. Sec would be totally unknown to . 
us. Though the different tracts of land, &c. cannot 
be so minutely described on tlie sur&ce of a terres- ' 
trial globe as on different maps; yet the globe shews 
the figure of the earth, and the reladve situations of 
the principal places on its surface, more correctly than 
a map. Had tbe ancients paid no attention to the 
motions of tjie heavenly bodies, historical facts would 
have been given without dates, and we should have 
had neither dials, docks, nor watches. To the 
celestial observations of Eudoxus, Hi'pparchus, &,c. 
we are indebted for the knowledge of the precession 
of the equinoxes. Without some acquaintance with 
the celestial bodies our ideas of the power and 
wisdom of the Creator would be greatly circum- 
scribed And coiiiined. Tlie learned aifd yaoas Dr. 
Wirtt^ observesj " What wonders of Wisdom are 
" seat ia. the «tact regularity of the revolutions of 
A 2 " tlw 
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" the heavenly bodies ! Kor was there ever any 
" thing that has contributed to enlarge my appre- 
" hensions of tlie immense power of God, the mag- 
" nificence of his creation, and his own transcendent 
" grandeur, so much as the little portion of astronotny 
*' which I have been able to attain. And I would not 
*' only recommend it to young students, for tlie same 
*' purposes, but I would persuade all mankind, if it 
" were possible, to gain some degree of acquaintance 
" with the Vflstness, the distances, and the motions 
*' of the planetary worlds, on the same account." 

Dr. Young in his Night Thoughts, says, 
" An undevout astronomer is mad." J 

There is scarcely a writer on the different branches 
of education who has not expressly recommended the 
study of the globes. Milton obsei-ves that " Ere half 
" ine school authors be read, it will be seasonable 
" for youth to learn the use of the globes." Yet 
notwithstanding the importance of the subject, it is 
entirely neglected in our public schools : and in many 
of our private academies it has been frequently im- 
perfectly taught; probably for want of a treatise suf- 
ficiently compreheiisive in its object, and illustrated 
by a suitable number of examples. 

There are several treatises on the globes extant, but 
they have been chiefly written by mathematical in- 
strument makers', or by teachers unacquainted with 
matlie- 

> The addition of a ftw wire!!, a ■eminrcle or brass, a puiiculur 
kind of hour ciri^le, &c. which is of no other UM on the globe than 
to eahance thu price thereof, has generally been a sufficient in- 
ducemeot for the inatrument maker to publi^ a treattie eiplanalorf 






lematics. The works of the former must be de- ' 
fective for want of practice in the art of teachings ' 
and many of the productions of the latter are too 
puerile and trifling to be introciuced into a respectable 
academy. Youth learn nothing effectually but by 
frequent repetition ; a multiplicity of examples there- 
fore becomes absolutely necessary ; but diese examples 



of tlie use of such addition. The more uraply ihc glubes are (Mtd 
Up, and Ibo less tbey are encumbered wilh useless wires, &c, (he more 
euily thej will be iinderstuod by the generality of leoraers. "Die moat 
important part of a elabe is its eitemo] surface : if tlic jtlaro on tim 
terrealrial globe, and the itan on the celestial be accurately laid dawn 
and distiocUy aod elearly engraten, it is of little consequence of what 
materials the fhune is made. 

The priocipal globe moken in London ara CAair, Babdih, Newtoh, 
and AuDisoK. 

Cah's globes are 21 inches, IB inches, 15 inches, 19 inches, and 
d iDclie; in diameter, and the csleslial globe may be purdiased eitlier 
with or without the bieroglyphical ligures depicted on the surroce. 

Babdin's globes, or, as they are usually called, the New BftiTisn 
Globes, ore IS inches, and IS inclies in diameter. — The Nkw Bri- 
tish Globes manufactured under the direction of Messrs W. and 
S- Janes, Holbora, are particularly recommended by Mr. Vince, in 
VoL 1. page 569, of hia complete System of Astronomy, and were 
introduced into the Royat Observatory at Greenwich by the late 
Dr. UailaCune. 

Nkwion 5 globes ore 15 inches, and IE inches in diameter. Hie 
Iiotizon onth^ globes is tile same as on Bardin's; only, instead of the 
signs of the iDiUac, the ecliptic and lodiacal constellaiions are intro- 
duced. The analemma on the surface ts not essenljally different from 
that in Gary's globes. 

Adbisok's globes are 18 inches, and 11! inches in diameter. The 
analemma on the surface of these globes is the same as the analemma 
on Gary's globes. 

Gciural Fricci of Globes. 
SI inches in diameter, from ID to 19 guineas, Carif, 
IS - - - - B to 16 . . . Cary, Banlin, Jdduan. 
15 - - - - etoia--- NeMun, Can/. 

12 - - . - 34.0 6 {f::f-j^^:: ^"^ 

9 - - . . 3 to ■Ji- - - Cn-y.' 

are the only ones constructed from 
. _ e fitted up in yarious ways, and are 
Mid bj th< principal tnalhematical Instrutnent makers in Ixuidon. 
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dlher mathematical or philosophical suhjects, and 
generally divert the attention of the student from the 
main object of his pursuit. 

Part II. This part comprehends the elementary 
principles of Astronomy, including an account of the 
solar system. These ought to be clearly understood 
by the young student before he attempts to solve 
many of the problems in the succeeding parts of the 
book. The object in learning the Use of the Globes 
should be to illustrate some of the most important 
branches of geography and astronomy; and this ob- 
ject cannot be attained by merely twirling the globe 
round and working a few problems, without under- 
standing the principles on which their solutions are 
founded. Lessons thoroughly explained and clearly 
understood make a lasting impression on the student's 
memory, and will enable him, not only to solve such 
problems as he may meet with in books on the Globes, 
but to frame several new problems himself, and to 
solve others which he never heard of before. 

In the notes attached to this part of the following 
work, the distances, magnitudes, &c. of the planets 
are all accurately calculatetl. This laborious task the 
author would gladly have avoided, but he fomid the 
accounts of the distances, magnitudes, Sec. of the 
planets so variable and contradictory, even in astro- 
nomical works of repute, and frequently in the same 
author, that he conceived such notes .as he has intro- 
duced would be very useful to a learner. 

Part III. contains an extensive collection of 

Problems; illustrated by a great number of useful 

examples. 
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mples, many of which are elucidated with notes of 
coiuideruble importance. 

Part IV. comprehends a miscellaneous selection 
of Problems, and Questions for tlie examination of the 
student. These questions will be found very useful, 
and may be extended with advantage by tlie tutor. 

To Conclude. The author apprehends that he 
has omitted notliing of importance that particularly 
relates to the subject, and he hopes, at the same time, 
that this work will be found to contain httle or no 
extraneous matter. He has endeavoureil to supply 
the young student with a Treatise on the Globes, 
whicli may not be unworthy of attention, as a work 
of science, yet sufliciently plain and intelligible. To 
those who may object to the sniallness of the type, 
and the closeness of the printing, the author has to 
observe, that had the work been printed on a larger 
tjrpej it would have made an octavo volume, consist- 
ing of at least six hundred pages ; and the purjioses 
for which it is designed would have been completely 
defeated ; the price doubled ; and the book, from its 
aze. rendered less convenient and useful. 1805. 



A JJEW plate was delineated for the second edition 
of this work, which was published in the year 1808, 
shewing the path of the planet Jupiter in the zodiac, 
for the year 1811, which will likewise answer nearly 
for the year 1823, together with the constellations and 
principal stars through which he passes, agreeably to 
. their appearance in the Heavens. Delineations of 
A 5 this 
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diis ikind wfll not only prove amnskigv but instractive 
to the scholar, as they give a more correct idea of the 
relative situations of the stars than a globe. 

By laying down on paper all the principal constel- 
lations from the celestial globe, as directed in Problem 
CII : rejecting such stars as are smaller than thos6 of 
the fourth magnitude, and those constellations which 
do not come above the horizon, the yotmg student will 
soon render the appearance of the Heavens familiar 
tolmn. 

To Hxejburtk edition several-^ood cots were added, 
4»gether with a new oopper-plate. 

This sia^tk edition has been carefrdly revised, and 
« considerable quantity of additional matter has been 
introduced with a view of rendering the work as 
complete, and comprehensive, as the nature of the 
subject will admit. 

No. 1, York^buildiiigSy New-voad^ St M«iy4e-bone» 
London, May 1, 1821. 
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PART L 

BEflNITIOKS ANIX INTRODUCTORY SUBJECTS. 

Chapter I. 

Expianatioh of the Lines on the Artificial Globes, including 
Geographical and Astronomical D^nitions ; mth ajeto 
Ge^raphieal Theorems, 

]• The Terrestrial Globe is an aitificial represent- 
ation of the earth. On this globe the four quarters of 
the world, the different empires, kingdoms and countries ; 
the chief cities, seas, rivers, &c. are truly represented, 
according to their relative situation on the real globe of 
the earth. The diurnal motion of this globe is from west 
to east. 

2. The Celestial Globen is an artificial represents 
ation of the heavens, on which the stars are laid dovn in 
their natural situations. The diurnal motion of this globe 
is from east to west, and represents the apparent £umal 

B motion 
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motion nf the sun, moon, and stars. In using this globe, 
the student is supposed to be situated in the centre of it, 
and viewing the stars in the concave surface. 

3. The Axis of the Eahth. [See Plale I. • Figure I. 
and II.] is an imaginary hne passing through the centre 
of it, upon which it is supposed to turn, and about which 
all the heavenly bodies appear to liave a diurnal revolu- 
tion. This line is represented by the wire which passes 
from north to south, through the middle of the artificial 
globe. 

i. The Poles of the Earth are the two extremities 
of the axis, where it is supposed to cut the surface of the 
earth, one of which is called the north, or arctic pole ; 
the other the south, or antarctic pole. The celestial 
poles are two imaginary points \ in the heavens, exactly 
above the terrestrial poles. 

5. The Brazen Meridian is the circle in which the 
artificial globe turns, and is divided into 360 equal parts, 
called degrees. ± Id the upper semicircle of the brass 
meridian these degrees are numbered from to 90, from 
the equator towards the poles, and are used for finding 
the latitudes of places. Ou the lower semicircle of the 
brass meridian they are numbered from to 90 from the 



on its surface 

f llie palar-9tiir is a star of the second magniludc, near the ncoth 
pole, in the end of the tail of the Little Bear. Its mean right »»cen- 
lion. Tor the beginning of the jeu- 1820, is 14^ IS' T" ; uid its dv- 
clinntioD 88" Sa 5S" N. Comuiatance dts Terns, far 1820, p. 168. 

j Evvry circle is mppo»ed to be divided into HRO equal puts, callod 
degrees, each degree into 60 equal parts culled minutes, ench minute 
into 60 equal parts isallcfl secoudK, &c. : a degree is therefore only ■ 
relative idea, and not an absolute ijuantity, except viien applied to • 
great circle of the earth, aa lo the equator or to a meridian, in which 
cases it is BO geogmphieol miles, nr G9§ Engliiih miles. A degree tf 
a gfeat circle in the heavens is a space nearly equal to twice the appfl- j 
rent diameter of the sun i or to twice that of the moon wlien consider- 
ably elevated above the horiion. 

Degrees are marked with a small dpiier, minutes with niir daafa, 
seconds with Iw, thirds with three, &c. Thus, 55° 14' S3" 35% w« I 
md 9S degrees, H minutes, S3 secondb, 35 thirds, 

poles 
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poles towards the equator, and are used in the eleva^ 
of the poles. 

6. Great Circles divide the globe into two equal 
parts, as the equator, ecliptic, and the colures. 

7- Small Circles divide the globe into two unequal 
parts, as the tropics, polar circles, parallels of latitude, 



8. Meridians, or Lines of Longitude, are semicircles, 
extending from the north to the south pole, and cutting 
the equator at right angles. Every place upon the globe 
is supposed to have a meridian passing through it, though 
there be only 24 drawn upon the terrestrial globe ; the 
deficiency is supplied by the brass meridian. When the 
sun comes to the meridian of any place (not within the 
polar circles), it b noon or mid- day at that place. 

9. The First Mebidian is that from which geogra- 
phers begin to count the longitudes of places. In English 
maps and globes the first meridian is a semicircle sup- 
posed to pass through London, or the royal observatory 
at Greenwich. 

10, The Equator is a great circle of the eartli, equi- 
distant fi-om the poles, and divides the globe into two 
hemispheres, northern and southern. ITie latitudes of 
places are counted Jrnm the equator, northward and 
southward, and the longitudes of places arc reckoned 
upon it eastward and westward. 

The equator, when referred to the heavens, is called 
the equinoctial, because when the sun appears in it, the 
days and nights are equal all over the world, viz. 12 hours 
each. The declinations of the sun, stars, and planets, are 
counted yv-ow the equinoctial northward and southward, 
and tlieir right ascensions are reckoned upon it eastward 
round Ihe celestial globe from to 360 degrees. 

11, The Ecliptic is a great circle in which tlic sun 
makes his apparent annual progress among the fixed 
itars *; or it is the real path of the earth round the sun, 

and 
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and cuts the equinoctial in an angle of 23^ 28' ; the points 
of intersection are called the equinoctial points. The 
ecliptic is situated in the middle of the zodiac. 

To show that the real path of the earth round the sun is the same 
aa the apparent path of the sun among the fixed stars, let S repre- 
sent the sun ; when the 
ttoih is in ^ Librae 
the sun will appear in 
Y* Atiei f when the 
earth is in til Scorpiop 
the sun will appear in 
Q Taurus s when the 
earth is in ^ Sagk^ 
tariuSf the sun will ap- 
pear inn G^mms; and 
ao on round the eclip- 
tic. The eje cannot 
judge of distances be- 
yond a certain limit; 
hence the heavenly bo- 
dies, viz. the sun, stars, and the moon,, all appear equally remote from 
a spectator on the earth. 

12. Hie Zodiac, on the celestial globe, is a space 
which extends about eight degrees on each side of the 
ecliptic, like a belt or girdle, within which the motions 
of aul the planets * are performed. 

13. Signs of the Zodiac The ecliptic and zodiac 
are divided into 12 equal parts, called signs, each contain- 
ing SO degrees. The sun makes his apparent annual pro- 
cess throu^ the ecliptic, at the rate of nearly a degree 
m a day. The names of the sisns, and the days on which 
the sun enters them, are as follow : 




in the heavens, by observing what particular constellation in the zodiac 
la on ^ meridian at midnight ; the opposite constellation will shew, 
very nearly, the sun's place at noon on the same day. 

* Except the new discovered planets, or Asteroids, Ceres and 

. Spring 



># 
I 



Ckup. I. 

Spring Signs. 
T Aries, the Ham, 21st of 

March. 
Taurus, the Bui], 19th 

of April, 
n Gemini, the twins, 20th 

of May. 



1 



:, &C. 

Summer Signs. 
5 Cancer, the Crab, 21st 

of June. 
^ Leo, the Lion, 22d of 

July. 
!t Virgo, the Virgin, 22d 

of August. 



These are called northern signs, being north of the 
equinoctial. 



Autumnal Signs. 
^ Libra, the Balance, 23d 

of September. 
in. Scorpio, the Scorpion, 

23d of October. 
t Sagittarius, the Archer, 

22a of November. 

These 



Winter Signs. 
Vf Capricomus, the Goat, 

21st December. 
™ Aquarius, the Water- 
bearer, 20th January. 
X Pinces, the Fishes, 19th 
February, 
colled southern signs 



The spring and autumnal signs are called ascending 
signs ; because when the sun is in any of these, his de> 
clination is increasing. The summer and winter signs 
are called descending signs, because when the sun is in 
any of these, his (lechnation is decieasing. 

14. The CoLtiBES are two great circles passing through 
the poles of the world ; one of them passes through the 
equinoctjal points, Aries * and Libra ; the other through 
the soUtitial points, Cancer and Capricorn ; hence they 
are called the equinoctial and solstitial colures. They 
divide the ecliptic into four equal parts, and mark the 
Ibur seasons of the year. 

15. Declination of the sun, of a star, or planet, is 
its distance from the equinoctial, northward or southward. 
When the sun is in the equinoctial he has no declination, 
and enlightens half the globe from pole to pole. As he 

s in north declination he gradually sliiues farther 



'," &) the time of Hijiiarchus tlie equinotdal cdiure in supposed tu 

'd ihniugh the miilclle of the cunstetUiHon Arieii. Hippardiiu 

:*e of NicKii, a town of Bytlunia, in Asia Minor, abaul TS 

!• 9.E> of Constanlinople, now called lanic; lie mmle his obscrt- 

W between 160 anil 135 years bdbre Christ. 

B 3 over 
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over the north pole, and leaves the south pole in dark- 
ness i in a similar manner, when he has soutli declination, 
he shines over the south pole, and leaves the north pole 
in darluieEB. The greatest declinatiim the sun can have 
is 23" 28'; the greatest declination a star can have is 90°, 
and that of a planet 30' 28'" north or south. 

16. The Tropics are two small circles, parallel to the 
equator (or equinoctial), at the distance of 23° 28' from it ; 
the northern is called the Tropic of Cancer, the southern 
the Trojiic of Capricorn. The tropics are the limits of 
the torrid zone, northward and southward. 

17. Tlie Polar Cihcles are two small circles, parallel 
to the equator (or equinoctial), at the distance of 66^ 32' 
from it, and 23" 28' from tlie poles. The northern is 
called the arctic, the aouthern the antarctic circle. 

18- Parallels of Latitude are small circles drawn 
thtiough every ten degrees of latitude, on the terrestrial 
globe, parallel to the equator. Every place on the globe 
is supposed to have a parallel of latitude drawn through 
it, though there are generally only sixteen parallels of la- 
titude drawn on the terrestrial globe. 

19. The Hour Circle on the artificial globes is a 
small circle of brass, with an index or pomter fixed 
to the north pole ; it is divided into 24 f equal parts, 
corresponding to the hours of the day, and these are 
again subdivided into halves and quarters. The hour 
circle, when placed under the brass meridian, is moveable 
round the axis of the globe, and the brass meridian, in 
this case, answers the purpose of an index. 

20- Tlie HoHizoK is a great circle which separates the 



• Eicepl the plBBPlK, or Asteroids, Ceres and PnSar, which are 
(KKrl; at Ihe same distance from Iho sun ; the fornier, in Apnl 1809, 
VBBuut of the iodise, ics latitude being i5°tiO' N. 

f Sonne A''Jt>es have two rows of figures on ilie index, others but 
one. On BaTilint Nan Briliih Globes tbere is an hour drtle at each 
pole, numbered witb two rows of figures. Ou Adamti' common 
globes tliere is but one index ) and on hii improved globes Che hours 
Hie counted by a brass wire with Iwa indexes standing over the 
equator. Tlie form of the hour circle is, boweyer, ■ matter of little 
conBequcnce (provided it be placed uh<^ the brus meridian), U the 
eqURtor will answer eicry purpose to wliich a circle of this kind can 
ib« jyipUed. 
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visible hair of the lieavens from the invisible; the earth 
beins cousitlered as a point in tht centre of the sphere of 
the fixed stars. Horizon, when applied to the earth, is 
either sensible or rational. 

21. The SEffsiBT.E, or visihle horizon, h the circle 
which bounds our view, where the sky appears to touch 
the earth or sea,' 

22. The Rational, or true horizon, is an imaginary 
plane, pacing through the centre of the earth parallel to 
the sensible horizon. It determines the rising and set- 
ting of the sun, stars, and planets. 

25. The Wooden HoRizo>f, circumscribing tiie arti- 
ficial globe, represents the rational horizon on the real 
globe. This horizon is divided into several concentric 
circles, which on Bardin's f Neo) British Globes are ar- 
ranged in the following order: 

T}ie First is marked amplitude, and is numbered from 
the east towards the north and south, from to 90 de- 
grees, and from the west towards the north and south in 
the same manner. 

The Second is marked azimuth, and is numbered from 
the north point of the horizon towards the east and west, 
from to 90 degrees ; and from the south point of the 
horizon towards the east and west in the same manner. 

The Third contains the thirty-two points of the com- 
pass, divided into half and quarter points. The degrees 
in each point are to be found in tl)e amplitude circle. 

■ TYk wnsibic horizon eiCends an]}' a few miles ; for Fiample, if a 
man of S ieet liigli v/ere lo sUnd on a large pkiie, or on tlie surface 
of the Ha ; the uEino*! eiient of his view, upon the earth or Ihe sea, 
would be about tlirce rnilEs. Thus, if A be the heiglituf the eye abate 
the surface of the «ea, atid d the iliuneter of [he eaitb' in feet, tben 

^'if ♦AXft, will "hew the distance which a person will be able lo sag, 
ttraight forward. KeUlt's Trigonometry, Fourth Edition, Einmple 
XLV. paee 83. 

f Carv G Globes have a different diviuon of the wooden horizon. 
The fint circle, or tliat nearest tu tlie globe is numbered from the eut 
ta& we« toward* the north ond south, from to 9C^. The second 
contain* the thirty-two pmuts of tlic compaas. The third the signs of 
the lodiac. 'Hie fourth the degrees of tlie signs. The fifth the days 
of Ifae nonlhi. The sixth ibe names of iliu months. The wooden 
jTrrQT nf AuAMs' Clotws is divided in ttie same manner. . 
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Tke fourth contains the twelve signs of the zodiac, 
with the figure and character of each sign. 

The Fifth contains the degrees of the eigns, each sign 
comprehending 30 degrees. 

' The Sixth contains the days of the month answering to 
each degree of the sun's place in the ecliptic, 

The iSeveniAcontains the equation of time, or difference 
of time shown by a well-regulated clock and a correct 
sun-diat. When the clock ought to he faster than tbe 
dial, the number of minutes, expressing the difference, U 
followed by the sign -i- ; when the clock or watch ought 
to be slower, the number of minutes in the difference ift 
followed by the sign — . This Circle is peculiar to the 
.Vera British Globes. 

The Eighth contains the twelve calendar months. 

2i. The Cahdinal Points of the horizon are east, 
west, north, and south. 

25. The Cardinai. Points in the heavens are tlie 
zenith, the nadir, and the points where the sun rises and 

26. The Cardinal Points of the ecliptic are the_ 
equinoctial and solstitial points, which mark out the four 
seasons of the year ; and the Cardinal Signs are <y Aries, 
SS Cancer, t& Libra, and VJ Capricorn. 

27. The Zenith is a point in the heavens exactly over 
our heads, and is the elevated pole of our horizon. 

28. The Nadir isapoint in the heavens exactly under 
our feet, being the depressed pole of our horizon, and 
the zenith, or elevated pole, of tlie horizon of our anti- 
podes. 

29. The Pole of any circle is a point on the surface 
of the globe, 90 degrees distant from every part of that 
circle of which it is the pole. Thus the poles of the earth 
are 90 degrees from every part of the equator ; the poles 
of tlie ecliptic (on the celestial globe) are 90 degrees 
from every part of the ecliptic, and 23""2S' from the poles 
of the equinoctial, consequently they are situated in the 
arctic and antarctic circles. Every circle on the globe, 
whether real or imaginary, has two poles diametrically 
opposite to each other. 

30. The EauiNOCTiAL Points are Aries and Libra, 
where 
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where tbe ecliptic cuts the eqiooctial. The point Aries 
is called the vernal equinox, and the point Libra the au- 
tumnal equinox. Wlien the eun is in eitlier of these 
jioints, the tUys and nights on every part of the g\o]fe are 
equal to each other. 

31. The Solstitial Points are Cancer and Capri- 
corn. When the sun is in, or near, these points, the 
variation in his greatest altitude is scarcely perceptible 
for several days ; because the ecliptic near these points is 
almost parallel to the equinoctial, and therefore the sun 
has nearly the some declination for several days. — When 
ilie sun enters Cancer, it is the longest day to all the 
inhabitants on the north side of the equator, and the 
shortest day to those on the south side. When the sun 
enters Capricorn It is the shortest day to those who live 
in north latitude, and the longest day to those who live 
in south latitude. 

32. An Hemisphehb ih half the surface of the gtobe ; 
tvery great circle divides the globe into two hemif-plieres. 
The horizon divides the upper from the lower hemisphere 
in the heavens ; the equator separates the northern from 
the southern on the earth ; and the brass meridian, stand- 
ing over any place on the terrestrial globe, divides the 
eiKtem from the western hemisphere. 

53. The Mariner's Compass is a representation of 
ifae^ionEon, and is used by seamen to direct and ascer- 
tain tile course of their ships. It consists of a circular 
brass bos, which contains a paper card, divided into 32 
equal ports, and fixed on a magr^etical needle that always 
turns ttrwards the north. Each point of tlie compass 
cODt^DS n°I5' or llj degrees, being the 32d part of 
360 donees. 

34. The Vakiation of the Compass is the deviation 
of its points iVom tiie corresponding points in the heavens. 
When the north point of the compass is to the east of \ht 
true north point of the horison, the variation is east; if 
it be to the west, the variation is west. 
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ation. At present, in England, the needle points alxMit 24| dtgrscm 
to the westward of the north. 
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The compass is. used for setdng the artificial globe north and 
south ; but care must be taken to make a proper allowance for the 
yariation. 

35. Latitude op a peace, on the terrestrial globe,^ 
is its distaiice from the equator in degrees, minutes or 
geographical miles, &c. and is reckoned on the brass me- 
ridian, from the equator towards the north or south pole« 

36. Latitude of a Star or Planet, on the celes- 
tial globe, is its distance from the ecliptic, nor&ward or 
southward, counted towards the pole of the ecliptic, on 
the quadrant of altitude. The greatest latitude a star 
can have is 90 degrees, and the greatest latitude of a 
planet is nearly 8 degrees. | The sun being always in the 
ecliptic, has no latftude. 

37. The Quadrant of Altitude is a thin flexible 
piece of brass divided upwards from to 90 degrees, 
and downwards from to 18 degrees, and when used is 
generally screwed to the brass meridian. The upper divi- 
sious are used to determine the distances of places on the 
earth, the distances of the celestial bodies, their altitudes, 
&c., and the lower divisions are applied to finding the 
beginning) end^ and duration of twilight. 

38. Longitude of a Place on tne terrestrial globe, 
IS the distance of the meridian of that place from the first 
meridian, reckoned in degrees and parts of a degree on the 



• Edinbujvh FhiloBophical Journal, October 1920, page 394. 
•|<' The newly-discovered planets, or Asteroids, Ceres and PaUas, &c- 
do not appear to be confined within this limit. 

e(][uatoc.. 
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equator. Longitude ia either eastward or westward, 
cording as the place is eastward or westward of the firet 
meridian. The greatest longitude that a place can have 
t« ISO degrees, or half the circumference of the globe. 

89. Longitude of a Stab, or Planet, is reckoned 
on the ecliptic from the point Aries, eastward, round the 
celestial globe. Thelungitude of the sun is what is called 
(he sun's place on the terrestrial glube, 

40. Almacahtars, or parallels of altitude are iWW- 
inri/ circles parallel to the horizon, and serve to shew the 
height of the sun, moon, or stars. These circles are not 
drawn on the globe, but they may be described for any 
latitude by ihe quadrant of altitude. 

il. Parallels of Celestial Latitude are small 
circles drawn on the celestial globe, parallel to the 
ecliptic. 

4'2. Parallels op Declination are small circles 
parallel to the equinoctial on the celestial globe, ami 
are similar to the parallels of latitude on the terrestriiO 
globe. 

iS, Azimuth, or Vertical Circles are imaginai'y 
great circles passing through the zenith and the nadir, 
cutting the horizon at right angles. The altitudes of the 
heavenly bodies are measured on these circles, whicJi 
circles may be represented by screwing the quadrant of 
altitude on the zenith of any place, and making the otliec 
end move along the wooden horizon of the globe. 

44. The Prime Vertical is that azimuth circle which 
posses through the east and west points of the horlKon, 
and is always at right angles to the brass meridian, which 
may be considered as another vertical circle passing 
through the north and south points of the horizon. 

♦5. The Altitude of any object in the heavens is an 
arc of a vertical circle, contained between the centre of 
the ot^ect and the horizon. Viheit the object is upon the 
meridian, tliis arc is called the meridian attitude. 

46. The Zenith Distance of any celestial object is 
the arc of a vertical circle, contained between the centre 
of tliat object and the zenith ; or it is what the altitude of 
tbe object wants of 90 degrees. When the object is on 
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the meridian> this arc is called the meridian zenith 
distance. 

47. The Polar Distance of any celestial object is 
an' arc of a meridian, contained between the centre of 
that object and the pole of the equinoctial. 

48. The Amplitude of any obiect in the heavens is 
an arc of the horizon, contained between the centre of 
the object when rising, or setting, and the east or west 
points of the horizon. Or, it is the distance which the 
sun or a star rises from the east, and sets from the west, 
and is used to find the variation of the compass at sea. 
When the sun has north declination, it rises to the north 
of the east, and sets to the north of the west ; and when 
it has south declination, it rises to the south of the east, 
and sets to the south of the west. At the time of the 
equinoxes, when the sun has no declination, viz. on the 
21st of March, and on the 23d of September, it rises ex- 
actly in the east, and sets exactly in the west. 

49. The Azimuth of any object in the heavens is an 
arc of the horizon, contained between a vertical circle 
passing through the object, and the north or south points 
of the horizon. The azimuth of the sun, at any parti- 
cular hour, is used at sea for finding the variation of the 
compass. 

50. Hour Circles, or Horary Circles, are the 
same as the meridians. They are drawn through every 
15 degrees* of the equator, each answering to an hour— 
consequently, every degree of longitude answers to four 
liiinutes of time, every half degree to two minutes, and 
every quarter of^ a degree to one minute. 

On the globes these circles are supplied by the brass^ 
meridian, tne hour circle and its index. 

51. The six! o'clock Hour Line. As the meridian 
of any place, with respect to the sun, is called the 12 
o'clock hour circle ; so that great circle passing through 
the poles, which is 90 degrees distant from it on the 
equator, is called by astronomers the six o'clock hour 



♦ On Csry's large Globes flie meridians «re' drawn through every 
JO degrees, asonaMnpr ' 
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circle, or the six o'clock hour line. The sun and stars 
are on the eastern half of this circle 6 hours before they 
come to the meridian ; and on the ii'estern half six hourii 
after they have passed the meridian. 

52. Culminating Point of a star or planet is tlia^ 
point of its orbit which, on any given day, is the niokt 
elevated. Hence a star or planet is said to culininatu 
when it comes to the meridian of any place ; for titen its 
altitude at that place is the greatest. 

53. Apparent Noon is the time when tlic sun coint'<t 
to the meridian ; viz. 1 2 o'clock, as shewn by a correct 
sun-'dial. 

54. True, or Mean Noon, 12 o'clock, as shewn hy a 
well regulated clock, adjusted to go 24 hours in a mean 
solar day. 

55. The EQtJATioN of Time at noon is the inter\al 
between the true and apparent noon, viz. it is the differ- 
ence of time shewn by a weii-'regulated clock and a cor* 
rect sun-dial. 

56^ A True Solar Dav is the time from tiie sun's 
leaving the meridian of any place, on any day, till it re« 
turns to the same meridian on the next day ; viz. it is the 
time elapsed from 12 o'clock at noon, on any day, to 12 
o'clock at noon on the next day, as shewn by a correct 
sun-dial. A true solar day is subject to a continual va- 
riation*, arising from the obliquity of the ecliptic, and the 
unequal motion of the earth in its orbit ; the duration 
thereof sometimes exceeds, at others, falls short, of 24 
hours, and the variation is the greatest about the first of 
November, when the true solar day is IG' 15'' less than 
24 hours, as shewn by a well regulated clock. 

57- A Mean Solar Day is measured by equal mo- 
tion, as by a clock or time-piece, and consists of 24 hours. 
There are in the course oi a year as many mean solar 
days as there are true solar days, the clock being as much 
faster than the sun-dial on some days of the year, as the 
sun-dial is faster than the clock on others. Thus the 
clock is faster than the sun-dial from the 24th of Decem- 
ber to the 15th of April, and from the 16th of June to 
the 31st of August : but from the 15th of A^ril to the 
16th of June, and from the 3 1st of AugasX \jo ^"^ *JA^ 
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of December, the sun-dial is faster than ihe clock. Wlieii 
the clock is faster than the sun-dial, the true solar day 
exceeds 24 hours ; and when the eun-dial is faster thaii 
the clock, the true solar day is less than 2i' hours ; but 
When the clock and the sun-dial agree, viz. about the 15th 
of April, 16th of June, 31st of August, and S+th of De- 
cember, the true solar day it exactly 24 hours. 

58. The AsTKONOMicAL Day is reckoned from noon 
to noon, and consists of 24 liours. This is called a /la- 
tural day, being of the same length in all latitudes, 

fi9. The Artificial Day is the time elapsed between 
the sun's rising and setting, and is variable according to 
the different latitudes of places. 

60. The Civil Day, like the astronomical or natural 
day, consists of 24 hours, but begins differently in differ- 
ent nations. The ancient Babylonians, Persians, Syrians, 
and most of the eastern nations, began their day at sun- 
rising. The ancient Athenians, the Jews, &-c. began their 
day at sun-setting, which custom is followed by the mo' 
dern Austrians, Bohemians, Silesians, Italians, Chinese, 
&c. The Arabians begin their day at noon, like the 
modem astronomers. The ancient Egyptians, Romans, 
&c. began their day at midnight, and this method ts fol- 
lowed by the English, French, Germans, Dutch, SpanJsH, 
and Portuguese. 

61. A SiDERiAL Day is the interval of time from the 
passage of any fixed star over the meridian, till it returns 
to it again : or, it is the time which the earth takes to 
revolve once round its axis, and consists of 23 hours, 56 
minutes, 4 seconds, of mean solar time. 

In elemcalBT; books of antronomy nnd Ihe globe^i, the learner is 
generally tuld that the earth turns ou its axis from west to east in 34 
hours ; but the trutli is, that it turns on its Exis in Sa hours, 56 mi- 
BUlea, 4 Bcconds, making about 366 revolutions in 365 days, or it 
year. Tlie lULtural day would always coosist oT 23 boun, 56 minutes. 
4 uconds, instead of 24 hours, if Ihe earth had no utiier ttiullon tlum 
that on its aits; but wliile the caith has revolved eastward uncn 
round its aiis, it has advanced nearly otie degree* castv 
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ortiil. To illusirate this, i.iip|)u«e tile sUn to be upon Any par- 
Ticulw intridian at IS o'clock on any da)! ; in 23 hours, 5e miDules, 
4 ucondt, aflcrwsrdB, the entOi will bavE performed one entiiv 
rerolutioii ; but it will at the same time have advanced nearly one 
degree eastward iu its orhit, and cousequently tint meridian which 
waa oppmite to the sun the day before, will be now one deirrea 
westward of It; therefore (he earlli must perform something more 
tlinn one revululian before the sun appear* again on the same meri- 
dian ; so that the time from ^e nan's Iwing on the meridian on 
any day, to ils appearance on the same meridian the next day, is 
■24 hours. 

62. A Solar Year, or tropical year, ie the time the 
sun takes in passing through the ecliptic, from one tropic, 
or equinox, till it returns to it again ; and conEists of 365 
(kys, 5 hours, 48 nuDutes, 48 Beconds. 

63. A SiDERiAL Year, is the time which the suii 
takes in pa&sing from any fixed star, till he returns to 
it again, and consists of 365 days, 6 hours, 9 minutes, V2 
Kconds ; the siderial year is therefore 20 minutes, 24 se- 
conds longer than the tropical year, and the sun returns 
to die eouinox every year before he returns to the same 

£oint of the heavens ; consequently the equinoctial points 
are a retrograde motion. 
64.. The Phbcession of the Euuinoxes (or more 
properly the recession of tlie equinoxes) is a slow motion 
which Uie equinoctial points have from east to west, con- 
tr^iy to the order of the signs, which is from west to east. 
"DiiB motion, from the best observations, is about 50^* 
leconds in a year, so that it would require 25,791 years f 
for the equinoctial points to perform an entire revolution 
westward round the globe. 

In the lime of Hipparclius and the oldest astronomers, Che equiiioc. 
lial points wen; filed in Aries and Libra; but the si^rns whicli r/cn 



degrees ; hence by the rule of three, SGSi D : 3G0 deg. : : I D ; 
iff 8". S, Ihe daily mean motion of Uie earth in its orbit, or the ap- 
/larml mean motion of the sun In a day. Henc£ a clock, or chrono. 
■nets', the index of wtiich pcrforma an exact circuit whilst the earth 
(or the meridian of an observer) move« over 3G0° 59' 8". 2, is said ta 
be odJBsteil to mean solar time. 

• In IfoiUlliiwte't Astronomy, the men;! annual precession is slated 
I be SO". 34, and in the new Fp^ic/i Solar Tables 5(f. 1. 

f For tbo circuinieTence of the equator is 360 degrees, and 50^" : 
t jMlii »6CPt Sil9i jetTf 
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th^n in conjunction with the sun, when he was in the equinox, are 
now a whole sign, or SO degrees eastward of it ; so that Aries is now 
in Taurus, Taurus in Gemini, &c. as may be seen on the celestial 
globe. Hence also the stars, which rose and set at any particular 
season of the year in the time of Hesiod *, Eudozusf , Pliny ^, &c do 
not answer to the description given by those writers. 

65. Positions oi* the Sphere are three: right, pa- 
rallel, and oblique. 

66. A Right Sphere is that position of the earth 
where the equinoctial passes through the zenith and the 
nadir, the poles being in the rational horizon* The inha-« 
bitants who have this position of the sphere live at the 
equator : it is called a right sphere, because the parallels 
of latitude cut the horizon at right angles. In a right 
sphere the parallels of latitude are divided into two equal 
parts by the horizon, and the days and nights are of equal 
length. 

67. A Parallel Sphere is that position the earth has 
when the rational horizon coincides with the equator, the 
poles being in the zenith and nadir. The inhabitants who 
have this position of the sphere (if there be any such 
inhabitants) live at the poles; it is called a parallel 
sphere, because all the parallels of latitude are parallel to 
the horizon. In a parallel sphere the sun appears above 
the horizon for six months together, and he is below the 
horizon for the same length of time* 



• Hesiod was a celebrated Grecian poet, born at Ascra in Breotia, 
supposed to have flourished in the time of Homer ; he was the first who 
Wrote a poem on Agriculture, entitled Tke Works and the Days, in 
which he introduces the rising and setting of particular stars, &C4 
Several editions of liis work are now eitant* 

f EuDOXus was a great geometrician and astronomer, from whom 
Euclid, the geometrician, is said to have borrowed great part of his 
elements of geometry. Eudoius was bom at CniduSf a town of Caria, 
in Asia Minor ; he flourished about 370 years before Christ. 

\ Pliny, generally called Pliny the Elder, was bom at Verona, id 
Italy; he composed a work on natural history in 87 books; it treats 
of the stars, tlie heavens, wind, rain, hail, minerals, trees, flowers^ 
plants, birds, flshes, and beasts; besides a geograi^iical description 
of every place on the globe, &c. &c. Pliny perished by an eruption 
of Vesuvius, in the 76th year of Christ, from too eager a curiosity in 
vbterving the phenomenon. 

^S. An 
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68. An Oblique Sphere is that position the earth 
has when the rational horizon cuts the equator obliquely, 
and hence it derives its name. All inhabitants on the 
face of the earth (except those who live exactly at the 
poles or at the equator) have this position of the sphere* 
The days and nights are of unequal lengths, the parallels 
of latitude being divided into unequal parts by the rational 
horizon. 

69. Climate is a part of the surface of the earth con- 
tained between two small circles parallel to the equator, 
and of such a breadth, that the longest day in the parallel 
nearest the pole, exceeds the longest day in the parallel 
of latitude nearest the equator, by half an hour, in the 
torrid and temperate zones, or by a month in the frigid 
zones ; so that there are 24 climates between the equator 
and each polar circle, and six climates between each polar 
circle and its pole. 

From the above definition, it appears that all places situated on the 
same parallel of latitude are in the same climate ; but we must not 
infer from thence that they have the same atmospherical temperature ; 
large tracks of uncultivated lands, sandy deserts, elevated situations, 
woods, morasses, lakes, &c. have a considerable effect on the atmo- 
sphere. For instance, in Canada, in about the latitude of Paris 
and the south of England, the cold is so excessive, that the greatest 
rivers are firosen over from December to April, and the snow com- 
monly lies from four to six feet deep. The Andes mountains,. 
though part of them are situated in the torrid zone, are at the summit 
covered with snow, which cools the air in the adjacent country. The 
heat on the western coast of Africa, after the wind has passed over the 
sandy desert, is almost suffocating; whilst the same wind having 
passed over the Atlantic Ocean, is cool and pleasant to the inhabitantii 
ef the Caribbean Islands. 
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I. CLIMATES between the Equatob and the Polak Cibclbs. 



Ends 
Climate, inLoH' 
tude 



I 

II 
III 
IV 
V 
VI 

vii 

VIII 

IX 

X 

XI 
XII 



D. M. 

8 S4 

16 44 

24 12 

SO 48 

36 31 

41 24 

45 32 

49 2 

31 59 

54 SO 

36 38 

58 27 



Where 

the 

longest 

Day is 



H. M. 

12 30 

13 — 

13 SO 

14 — 

14 30 

15 — 

15 30 

16 — 

16 30 

17 — 

17 30 

18 —I 



Breadths 

of the 
Climates* 




Climate, 



Ends 
mLati" 
tude 



XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 



D. M. 

59 59 

61 18 

62 26 

63 22 

64 10 

64 50 

65 22 

65 48 

66 5 
66 21 
66 29 
66 32 



fFhere 

the 
longest 
Day is 



Breadths 

of the 
CUmates. 



H. 

18 
19 
19 
20 
20 
21 
21 
22 
22 
23 
23 
24 



M. 

30 

30 
30 
30 
30 
30 



D. M. 



] 
1 
1 



32 

19 

8 

56 

48 

40 

32 

26 

17 

16 

8 

3 



II. CLIMATES between the Polak Circles and the Poles. 



CUmtUe* 



Ends 
in Lati' 
tude 



XXV 

XXVI 
XXVII 



D. 

67 
69 
73 



M. 
18 
33 



JThere 

the 
longest 
Day is 



Breadths 

of the 
Climates* 



Da.M. 

30 orl 
60 — 2 
5|90— ^ 



D. M. 

— 46 

2 15 

3 82 



Climate* 



Ends 

inJLati- 

tude 



XXVIII 

XXIX 

XXX 



D. 

77 
82 



M. 
40 
59 



Where 

the 
longest 
Day is 



Da.M: 
120or4 
150—5 



90 —180—6 



Breadths 

of the 
CHmates. 



D. M. 

4 35 

5 19 
7 1 



The preceding tables may be constructed by the globes, as will be 
shewn in the problems, but not with that exactness given above. 
Tables of this kind are generally copied from one autlior into another, 
without any explanation of the principles on which they are founded. 

^ Constrtiction of the first Table. 

In plate TV, figure IV. ho represents the horizon, jbq the equator* 
S c 25 a parallel of the sun's greatest declination, mo the elevation of 
the pole or latitude of the place ; the angle cab measured by the 
arc Qo, the complement of the latitude ; a 6 is the ascensional dif- 
ference, or the time the sun rises before six o'clock, and 6 c the sun's 
declination. Hence, by Baron Napier's rules, (see £eith*s Spherical 
Trigonometry,) rad. x sine a 6 — cotangent a* {or tangent no) x taw- 
gent b c. 

vii. 
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vii. Tangeut of Ihu sun's greatcEl declination 23- 28', 
li to radius, sine of 90 diigrmsj 
jii line o/'IAe lun's un^ensiinuif diffimux, 

Ii to tangent of Uitilude. A guncnl nile- 

At the end of the first cliinale the sun rises ^ before 6 ; and in 
Tttry climiie, if you take lialf the lentfth of the longest day, and de- 
duet 6 hours tlierefrom, tbe remainder turntd into degrees will give 
die ascensional diBWreiici.'. Hence tbe sscensional dilterenee, for the 
Am clinutf, is fifteen minutes of time, equal tu 3° 45* ; for tlie second 
tliniMe SO minuleB = T-" 30' ; for the third climate 45 minutes = 
11° 15'; for the fourtli climate 1 hour ^ If, &c. 



[Tangent of 33° 8' 9-63761 

Is torwlius,sineof 90' I0.000CX1 
lAs sine of 7° 30' 9,11570 

lis to tang, lat, 15= 44' ... 9.47809 



Tangent of 33' 28' 

A» Bine uf 3^45* 

Utotang, lal,8'34' 9.17799 

C.«MnMion 0/ 
The longest da; is the 31M of . 
S3= 28' north. Count half (lie length of the day from the 21st of June, 
forward and backward ; find the sun's declination ansnering to those 
two days in the nautical almanac, or in ■ table of Llie sun's declin. 
aliofi; add the two declinations together, and divide their sum by 2, 
subtract tiie quotient &am 90 dr^grces, and the remainder is the lati- 
tude. As the sun's declination is variable, k ought to be taken out 
of tJie almanac, or tables, for leap year and the tliree following years, 
a mean of tlicse declinations, uwd aa above, will give tbe latitude as 
correct u the nature of the problem admits of, and in tliis manner the 
second table was constructed. — RicciOLi, (an Italian astronomer and 
nuuhemaitcian, born at Fcrrara, in the Pope's dominions, 1598), in 
his jfdronomic A^nrmntf, published in 1GG5, makes an (dlowancefor 
the refmction uf the atmosphere in a (aide of climates. Me con. 
liders the increase of days to be by half hours, from 1 3 to 1 6 hours ; 
by hoursfrom 16 to 20 hours ; by 2 hours, fVom 20 to 34 hours; and 
liy monihs in tbe frigid luncs, making the number of the days of eadi 
month in the north frigid lone sometUng more tlian t]ia:<c in the south; 
but, at the rcfrnctioD of the atmosphere is so extremely variable, that 
Hsucely any two nutbenrnticians agree wtih respect to tlie quantity, it 
■ vtidmt that a cable of climates, ealculattd witli suth an uncertain 
sllawancei, can be of nonuterial advantage. 

70. A 'ZotiE U a portion of the surface of the eartli 
contained between two small circlcB parallel to the equa- 
tor, and is similar tu the term climate, for pointing out 
the aituatioRs of places on the earth, but less exact ; ua 
there are onlyji've Kones, which have been distingtiished 
hy |iar(iculttr names, whereas there are 60 ciiir— — 
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71. The ToRHiD Zone extends from the tropic of 
Cancer to the ivopic of Capricorn, and is 4'G^ 56' broad 
This zone was thought by the ancients to be uninhabited, 
because it is continually exposed to the direct rays of the 
sun ; and such parts of the torrid zone as were known to 
them were sandy deserts, as the middle of Africa, Arabia, 
&c.; and these sandy deserts extend beyond the left 
bank of the Indus, toward Agimere. 

72. The Two Tbmpebate Zones. The north tem- 
perate zone extends fi-om the tropic of Cancer to the 
arctic circle ; and the south temperate zone from the 
tropic of Capricorn to the antarctic circle. These zones 
are each 43° 4' broad, and were called temperate by the 
ancients, because meeting the sun's rays obhqucly, they 
enjoy a moderate degree of heat. 

73. The Two Fririd Zones. The north frigid zone, 
or rather segment of the sphere, is bounded by the arctic 
circle. The north polcj which is 23° 23' from the arctic 
circle, is situated in the centre of this zone. Tlie south 
fiigid zone is bounded by the antarctic circle, distant 
23" 28' from the south pole, which is situated in the 
centre of this zone. 

7*. Amphiscii are the inhabitants of the torrid zone; 
80 called, because their shadows fall north or south at 
ditfeient times of the year ; tlie sun being sometimes to 
the south of them at noon, and at other times to the north. 
When the sun is vertical, or in the zenith, which happens | 
twice in the year, the inhabitants have no shadow, aisd | 
are then called Ascii, or shadowless. I 

75. Hetj.hoscii is a name given to the inhabitants of ' 
the temperate zones, because their shadows at noon fall 
only one way. Thus, the shadow of an inhabitant of the 
north temperate zone always falls to the north at noon, 
because the sun is then due south; and the shadow of an 
inhabitant of the south temperate zone falls towards the 
south at noon, because the sun is due nortti at that time. 

76i Periscii are those people who inhabit the frigid 
zones, so called, because tlietr shadows, during a revolu- 
tion of the earth on its axis, are directed towards every 
point of the compass. In the frigid zones the sun doe» 
not set during several revolutions of the earth on its 
axis. 
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77. AuTOECi are those who iive in the same degree 
longitude, and in equal degrees of. latitude, but the one 
in north and the other in south latitude. They have noon 

St the same time, but contrary seasanB of the ;ear ; con* .' 
)iequently, the length of the days to the one, is equal to , 
the length of the nights to the other. Those who live at \ 
the equator can have no Antceci. 

78. Perioeci are those who live in the same latitude, 
but in opposite longitudes ; when it is noon with the one, 
it is midnight with the other ; they have the same length 

of days, and the same seasons of the year. The inha- / 

bitanis of the poles can have no Periieci. l 

79. Antipodes are those inhabitants of the earth who J 
live diametrically opposite to each other, and conse- f 
quently walk feet to feet ; their latitudes, longitudes, sea- j 
sons of the year, days and nights, are all contrary to each I 

80. The ItiGiiT Ascension of the sun, or of a star, is 
that degree of the equinoctial, which rises with the sun, 
or star, in a right sphere, and is reckoned from the 
equinoctial point Aries, eastward round the globe. 

81. Oblique Ascension of the sun, or of a star, is 
that degree of the equinoctial which rises witli the sun or 
iitar, in an oblique sphere, and is likewise counted from 
the point Aries eastward round the globe. 

82. Oblique Descension of the sun, or of a star, is 
that degree of the equinoctial which seta witli the sun or 
iitar in an oblique sphere. 

83- The Ascensional or Descensionai. Differ- 
WtcB is the difference between the right and oblique 
ascension, or the difference between the right and oblique 
descensioD, and, with respect to the sun, it is the time 
lie rises before 6 in the spring and summer, or sets before 
6 in the autmnn and winter. 

84. The Crepuscblum, or Twilight, is that faint | 
light which we perceive before the sun rises, and after he { 

t«. It is produced by the rays of light being refracted 
iheir passage through the earth's atmosphere ai^d re- 
dacted &om the different particles thereof. The twilight 
is supposed to end in the evenin? when the sun is 18 
de^ees below the horizon, or when stars of the sixth y^ 
jtitude (the smallest that are visible to the naked eye) 
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1)egin to' appear ; and the twilight is said to begin in the 
morning, or it is day-breaki when the sun is again within 
J18 degrees of the horizon. The twilight is the shortest 
at the equator, and longest at the poles ; here the sun is 
near two months before he retreats 18 degrees below the 
horizon, or to the point where his rays are first admitted 
into the atmosphere ; and he is only two months more 
before he arrives at the same parallel of latitude. 

85. Refraction. The earth is surrounded by a body 
of air, called the Atmosphere, through which the rays 
of light come to the eye from all the heavenly bodies ; 
and since these rays are admitted through a vacuum^ or at 
least through a very rare medium'* ^ and fall obliquely 
upon the atmosphere, which is a dense medium, they will, 
hy the laws of optics, be refracted in lines approaching 
nearer to a peipendicular from the place of the observer 
(or nearer to die zenith) than they would be were the 
medium to be removed. Hence all the heavenly bodies 
appear higher than they really are, and the nearer they 
are to the horizon the greater the refraction, or difference 
between their apparent and true altitudes will be; at 
noon the refraction is the least. The sun and the moon 
appear of an oval figure sometimes near the horizon, by 
reason of refraction ; for the under side being more re- 
fracted than the upper, the perpendicular diameter will 
be less than the horizontal one, which is not affected by 
refraction* 
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• Any fluid or substance through which a ray of light can pene- 
inUse, is called a medium, as air, water, oil, glass, &c The tii near 

the 
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It has long l>een establiEihed, by e>periini?n(, that ■ ray of ligbt pass, 
ing from a rarer to a denser imdium, is i-efracud Cowards the denser 
niediuni. Tbu!i, if adc beihe boundary between Iwo media, of which 
the lower one is the denser, then a my of light sb, initead of pi 
it£ dijvclion Hwn, is deflected in the direction u, and K star, 
of appearing at s, would appear at e, that is, nearer to a perpen- 
dicular IP meeting a tangent t1 at the point of incidence i. Again, 
if nEF be a similar boundary separating the rarer medinm contained 
between jidc and def from tiie denser medium contained between 
mr and ohi, the ray of light instead of pursuing its new course am 
icill be again deflected in the direction eh ; and similar effects will 
be produced if tnore media and their boundaries be added. Hence, 
A ray of light, instead of being a continued strai^t line is broken 
into partE », in, hl, inclined to each other at the angles, bih, 
mj, 4e. If we suppose these media to be indefinitely increased and 
their boundaries to appruadi each other b; spaces extremely small, 
tlie parts ie, bu, hi,, may be considered as curviliuear, and the course 
of a ray, instead of being polygonal, will be a curve, concave towordft 
the detaer me^um. TluB nuiy be more adequately represented by the 
following figure. 



rariflHo density, but 
are considered as one 
medium, of a den«ly 
continually varying ; 
such i« the earth's at- 
mosphere, tlie most 
dense at its surface and 
decreasing towards the 
higher regions, A ray 
of light will, conse- 
ijuently, in its passage 
ihroueh the oimasphi 



leclcd intone 
>wards 




ihrouet 

tieiIeA< 

Ctrth'f KirfSKe, and will enter n spectslor'a eye ii 
undent to that curve ; a star will, therefore, appear in that direction. 
Let o be the place of an observer, hoh his horizon, and s a star ; 
lOD s Kctioo of the earth, formed by a vertical plane pasung through 
the ttar at s and tlie centre (c) of tlie earth. Here e k the apparent 
place of the star, and s its true place ; tlie angle eoa la the apparent 
altitude of the star, and tlie angle loa its true altitude, the angle cos, 
is the refraction. If the star were at i, the icnitli of the 
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observer, its height would suffer no refraction. Refraction depends 
upon a star's altitude and the heights of tibe barometer and diermo- 
meter; viz. upon the height of the object, and the state of the atmo- 
sphere ; hence we sometimes are able to see the tops of mountains, 
towers, or spires of churches, which at other times are invisible, 
though we stand io the same place. The ancients knew nothing of 
refraction, the first who composed a table thereof was Tycko Brake* 
The table now in common use was constructed by />r. Bradley *, or 
from his formula, being the result of many trials, conjectures, and 
^experiments. In the Nautical Almanac for 1822, there is a table of 
refractions, calculated from an ingenious formula, explained by Dr* 
Young, in the Philosophical Transactions for 1819. 

The sun's meridian altitude on the longest day decreases from the 
tropic of Cancer to the north pole ; and in the torrid zone, when the 
sun is vertical there is no refraction ; hence the refraction is the least 
in the torrid zone, and greatest at the poles. Varenius, in his geo» 
graphy, speaking of the wintering of the Dutch in Nova Zembla, la- 
titude 7€|^ north, in the year 1596, says they saw the sun in the year 
1597 six days sooner than they would have seen him, had there been 
no refriiction. 

86. Paraljlax. That part of the heavens in which a 
planet would appear, if viewed from the surface of the 
earth, is called its apparent place ; and the point in which 
it would be seen at the same instant from the centre ol 
the earth is called its true place : the difference is the pa 
rallax. A star, on account of its great distance from tte 
earth, has no sensible parallax. 

Let c be the centre of 
the earth, o tlie place of an 
observer on its surface, 
whose sensible horizon is 
HOR, and zenith z. Then 
if znrmK be a portion of a 
vertical circle in the hea- 
vens, and s the real place of 
any object in the horizon, 
if cs be joined and produced 
to m it will shew the true 
place of s ; the angle msR or 
cso is the parallax. Hence 
the altitudes of the celes- 
tial bodies are depressed by parallax, which is the greatest at the ho- 
rizon, and decreases as tlie altitude of the object increases ; for the 
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angle coo is greater than the angle cos, consequently the angle ovc is 
less than the angle osc. At the zenith s the angle o«c Tanishes, and 
therefore the parallax ceases. 

87. Angle of Position between two places on the 
terrestrial globe is an angle at the zenith oi one of the 
places ; formed by the meridian of that place, and a ver- 
tical circle passing through the other place, being mea- 
jsured on the horizon from the elevated pole towards 
the vertical circle. 

The Akolx of Fosmov or a stae, is an angle formed by two great 
circles intersecting each other in the place of tfie star, the one parsing 
through the pole of the' equinoctial, the other through the pole of the 
ecliptic; This angle may be computed from the obliquity of the 
'Cdiptic, and th6 co-latitude and co-declination of the star; it it used 
in several astronomical calculations. M, Laiande has given a table 
of the angles of posdtionft of stars in bb Astronomy, Sd edit. yoI. I. 
page 488. ; and in the Cormaiuance det Terns for 1804, there it a table 
of the same lu'nd. 

88. Rhumbs are the divisions of the horizon into 32 
parts, called the points of the compass. The • ancients 
were acquainted only with the four cardinal points, and 
the wind was said to blow from that point to wliich it was 

nearest. 

A Rhumb line, geometiically speaking, is a lozodramic or spiral 
tmrve, drawn or supposed to be drawn upon the earth, so as to cut each 
meridian at the same angle, called the proper angle of the rhumb. If 
tfab line be continued, it will never return into itself so as to form m 
circle, except it happens to be due east and west, or due north and 
fiouth ; and it can never be a straight line upon any map, except the 
meridians be parallel to each other, as in Mercator'sand the plane chart» 
flence the difficulty of finding the true bearing between two places on 
libe terrestrial globe, or on any map but those above mentioned. Hia 
bearing found by a quadrant of altitude on a globe, is only the measure 
of a spherical angle upon the surfiu» of that globe, as defined by the 
nr^ of position^ and not the real bearing or rhundb, as shewn by die 
compass ; for, by the compass, if a place a bear due east from a place 
S) the place a will bear due west from the place ▲ ; but Uus it not the 
<ase when measured with a quadrant of altitude. 

89. The Fixed Stars are so called because they have 
usually been observed to keep the same distance with re- 
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observer, its height would suffer no refraction. Refraction depends 
upon a star's altitude and the heights of the barometer and thermo- 
meter; viz. upon the height of the object, and the state of the atmo- 
sphere ; hence we sometimes are able to see the tops of mountains^ 
towers, or spires of diurches, which at other times are invisible, 
tliough we stand in the same place. The ancients knew nothing of 
refraction, the first who composed a table thereof was Tycho Brake. 
The table now in common use was constructed by J)r, Bradley *, or 
from his formula, being the result of many trials, conjectures, and 
^experiments. In the Nautical Almanac for 1822, there is a table of 
refractions, calculated from an ingenious formula, explained by Dr* 
Young, in the Philosophical Transactions for 1819. 

The sun's meridian altitude on the longest day decreases from the 
tropic of Cancer to the north pole ; and in the torrid zone, when the 
sun is vertical there is no refraction ; hence the refraction is the least 
in the torrid zone, and greatest at the poles. Varenius, in his geo-> 
graphy, making of the wintering of the Dutch in Nova Zembla, la- 
titude 7^^ north, in the year 1596, says they saw the sun in the year 
1597 six days sooner than they would have seen him, had there been 
no refr^action. 

86. Paraljlax. That part of the heavens in which a 
planet would appear, if viewed from the surface of the 
earth, is called its apparent place ; and the point in which 
it would be seen at the same instant from the centre ol 
the earth is callied its true place : the difference is the pa 
rallax. A star, on account of its great distance from tte 
earth, has no sensible parallax. 



Let c be the centre of 
the earth, o tlie place, of an 
observer on its surface, 
whose sensible horizon is 
HOR, and zenith z. Then 
if znrmK be a portion of a 
vertical circle in the hea- 
vens, and s the real place of 
any object in the horizon, 
if OS be joined and produced 
to vn it will shew the true 
place of s ; the angle msR or 
cso is the parallax. Hence 
the altitudes of the celes- 
tial bodies are depressed by parallax, which is the greatest at the ho. 
rizon, and decreases as the altitude of the object increases ; for the 
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angle coo is grenUat than the angle cos, consequently the angle ovc is 
less than the angle osc. At the xenitfa s the an^ ovc Ttniahes, and 
therefore the parallax ceases. 

87. Angle of Position between two places on the 
terrestrial globe is an angle at the zenith o£ one of the 
places ; formed by the meridian of that place, and a ver- 
tical circle passing through the other place, being mea« 
jsured on the horizon from the elevated pole towards 
the vertical circle. 

The Akolx of posmov or a stae, is an angle fonned by two great 
circles intersecting each other in the place of the star, the one passing 
through the pole of the equinoctial, the other through the pole of the 
ecliptic: This angle may be computed from the obltquity of the 
ecliptic, and th6 co-latitude and co-declination of the star ; it is used 
in several astrononucal calculations. If. Laiande has given a table 
of the angles of pontions of stars in bb Astronomy, 3d edit. toL i* 
page 488. ; and in the Connaissance det Terns for 1804, there b a table 
of the same lu'nd. 

88. Rhumbs are the divisions of the horizon into 32 
parts, called the points of the compass. The* ancients 
were acquainted only with the four cardinal points, and 
the wind was said to blow from that point to which it was 
nearest, 

A Rhumb line, geometiically speaking, is a lozodramlc or spinl 
curve, drawn or supposed to be drawn upon the earth, so as to cut each 
meridian at the same angle, called the proper angle of tibe rhumb. If 
this line be continued, it will never return into itself so as to form u 
>drc1e, except it happens to he due east and west, or due north and 
aouth ; and it can never be a straight line upon any map, except the 
meridians be parallel to each other, as in Mercator's and the pUme diart» 
Hence the difficulty of finding the true bearing between two places on 
the terrestrial globe, or on any map but those above mentioned. Hia 
bearing found by a quadrant of altitude on a globe, is only the measure 
of a spherical angle upon the surfiu» of that globe, as defined by the 
angle of posUuniy and not the real bearing or rhumJb, as shewn by die 
compass ; for, by the compass, if a place a bear due east from a place 
3, the place b wUl bear due west iVom the place a ; but this is not the 
case when measured with a quadrant of aMtudew 

89. The Fixed Stars are so called because they have 
usually been observed to keep the same distance with re- 
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observer, its height would suffer no refraction. Refraction depends 
upon a star's altitude and the heights of the barometer and thermo- 
meter; viz. upon the height of the object, and the state of the atmo- 
sphere ; hence we sometimes are able to see the tops of mountains, 
towers, or spires of churches, which at other times are invisible, 
though we stand in the same place. The ancients knew nothing of 
refraction, the first who composed a table thereof was Tycho Brake, 
The table now in common use was constructed by Dr. Bradley *, or 
from his formula, being the result of many trials, conjectures, and 
jezperiments. In the Nautical Almanac for 1822, there is a table of 
refractions, calculated from an ingenious formula, explained by Dr. 
Young, in the Philosophical Transactions for 1819. 

The sun's meridian altitude on the longest day decreases from the 
tropic of Cancer to the north pole ; and in the torrid zone, when the 
sun is vertical there is no refraction ; hence the refraction is the least 
in the torrid zone, and greatest at the poles. Varenius, in his gtt^ 
graphy, speaking of the wintering of the Dutch in Nova Zembla, fiu 
titude 7€|^ north, in the year 1596, says they saw the sun in the year 
1597 six days sooner thui they would have seen him, had there been 
no refr^action. 

86. Paraljlax. That part of the heavens in which a 
planet would appear, if viewed from the surface of the 
earth, is called its apparent place ; and the point in which 
it would be seen at the same instant from the centre of 
the earth is called its true place : the difference is the pa 
rallax. A star, on account of its great distance from tte 
earth, has no sensible parallax. 



Let c be the centre of 
the earth, o tlie place, of an 
observer on its surface, 
whose sensible horizon is 
HOR, and zenith z. Then 
if znrmK be a portion of a 
vertical circle in the hea- 
vens, and s the real place of 
any object in the horizon, 
if cs be joined and produced 
to m it will shew the true 
place of s ; the angle msR or 
cso is the parallax. Hence 
the altitudes of the celes- 
tial bodies are depressed by parallax, which is the greatest at the ho- 
rizon, and decreases as tlie altitude of the object increases ; for the 
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angle coo is greAter than the angle coc, eonsaquenUy the angle ore is 
less than the angle osc. At the senith 1 the angle ore vanishes, and 
therefore the parallax ceases. 

SI* Angle of Position between tiro places on the 
terrestrial globe b an angle at the zenith of one of the 
places ; formed by the meridian of that place, and a ver- 
tical circle passing through the other place, being mea- 
sured on the horizon from the elevated pole towardf 
the vertical circle. 

The Anolk or posinov or a stak, is an angle formed by two great 
circles intersecting each other in the place of the star, the one panting 
through the pole ijf the equinoctial, the other through the pole of the 
ecliptic: This angle may be computed from the obUqiutj of the 
ediptic, and th6 co-latitude and co-dedination of the star ; it is used 
in several astrononucal calculations. M. Lalande has given a table 
of the angles of pontons of stars in lus Astrono m y, 3d adit. ▼ol. i. 
page 488. ; and in the Connaissance de» Terns for 1804, there iaa tabW 
of the same kind. 

88. Rhumbs are the divisions of the horizon into 32 
parts, called the points of the compass. The* ancient« 
were acquainted only with the four cardinal points, and 
the wind was said to blow from that point to which it was 

nearest. 

A Rhumb line, geometrically speaking, is a loxodromle or spiial 
carve, drawn or supposed to be drawn upon the earth, so as to cut each 
meridian at the same angle, called the proper angle of the rhumb. If 
this line be continued, it will never return into itself so as to form m 
'drcle, except it happens to be due east and west, or due north and 
fiouth ; and it can never be a straight line upon any map, except the 
meridians be parallel to each other, as in Mercator*s and the plane chart* 
flence the difficulty of finding the true bearing between two places on 
"^e terrestrial globe, or on any map but those above mentioned. The 
bearing found by a quadrant of altitude on a globe, is only the measure 
^f a spherical angle upon the surfiice of that globe, as defined by the 
^ngle of position, and not the real bearing or rhumb, as shewn by the 
^mpass ; for, by the compass, if a place a bear due east frop' * place 
^ the place b wUl bear due west from the place a ; but this is not the 
^ase when measured with a quadrant of akitodep 

89. The Fixed Stars are so called because they have 
usually been observed to keep the same distance with re- 
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observer, its height would suffer no refraction. Refraction depends 
upon a star's altitude and the heights of the barometer and tfaermo- 
meter; viz. upon the height of the object, and the state of the atmo- 
^bere ; hence we sometimes are able to see the tops of mountains, 
towers, or spires of churches, which at other times are invisible, 
though we stand io the same place. Thie ancients knew nothing of 
refraction, the first who composed a table thereof was Ti/cko Brake. 
The table now in common use was constructed by Dr. Bradley *, or 
from his formula, being the result of many trials, conjectures, and 
^experiments. In the Nautical Almanac for 1822, there is a table of 
refractions, calculated from an ingenious formula, explained by Dr. 
Youngs in the Philosophical Transactions for 1819. 

The sun's meridian altitude on the longest day decreases from the 
tropic of Cancer to the north pole ; and in the torrid zone, when the 
aun is vertical there is no refraction ; hence the refraction is the least 
In the torrid zone, and greatest at the poles. Varenius, in his geo- 
graphy, making of the wintering of the Dutch in Nova Zembla, la- 
titude 7€f north, in the year 1596, says they saw the sun in the year 
1597 six days sooner than they would have seen him, had there been 
no refiiftcdon. 

86. Paraljlax. That part of the heavens in which a 
planet would appear, if viewed from the surface of the 
earth, is called its apparent place ; and the point in which 
it would be seen at the same instant from the centre ot 
the earth is called its true place : the difference is the pa 
rallax. A star, on account of its great distance from tte 
earth, has no sensible parallax. 



Let c be the centre of 
the earth, o tlie place, of an 
observer on its surface, 
whose sensible horizon is 
HOR, and zenith z. Then 
if znrmK be a portion of a 
vertical circle in the hea- 
vens, and s the real place of 
any object in the horizon, 
if cs be joined and produced 
to m it will shew the true 
place of s ; the angle msa or 
cso is the parallax. Hence 
the altitudes of the celes- 
tial bodies are depressed by parallax, which is the greatest at the ho- 
rizon, and decreases as the altitude of the object increases ; for the 




* Tbt third astronomer royal : he died in the year 1762. 



angle- 



. i 
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angle cm is greater than the anglt cos, consequently liie aiigie our is 
lesi than the aogle dic. At tbc lenilh i [lie angle oi'C vantjhcs, and 
thereTare the parallax ceases. 

87. Angle of Position between two places on the 
terrestrial globe is an angle at the zenith of one of the 
places ; formed by the meridian of that place, and a ver- 
tical circle passing through the other place, being mea- 
sured on the horizon from the elevated pole towards 
Zhe vertical circle. 

The A.HOLE OF Tosmos or A STtK, is an angle fonned b; two great 
<Jrclc9 intersecting each other in tfae place of the star, the one passing 
tbroui;h the pole of the equinoctial, the other tlirough the pole of the 
ecliptic; This angle may be computed from the obliquity of the 
-ecliptic, and the co-latitude and co-declination of the star; it ia used 
in several astroaomical calculations. M. Lalande bos given a table 
of the angles of poutions of stars in his A^jtronomy, 'id edit. vol. i, 
page 488. ; and in the Connamance del Tern for 1 S04, there is a table 

88. Rkumbh are the divisions of the horizon into 32 
parts, called the points of the compass. The* ancients 



A Rhumb tine, geomctncolly speaking, is a loxodromic or spiral 
VBTre, drawn or supposed to be drawn upon the earth, so as to cut each 
meridian at the same angle, called the proper angle of the rhumb. If 

circle, eicopt it happens to be due east and west, or due north and 
wuth ; and iC can never be a straigbt line upon any map, except the 
neridinns be parallel to each other, ea in Mercator's and the plane charts 
Hence the difficulty of finding the true bearing betireen two places on 
tlie terrestrial globe, or on any map but those above mentionecl. Tbs 
bearing found by a quadrant of altitude on a glube, is only tlie measum 
of a spherical angle upon the surface of that globe, as defined by tlio 
m^ of jiantioHt and not the real bearing or rhumb, as sliewn by the 
cmnpais ; for, by the compass, if a place a bear due cast from a place 
■i the place ■ will bear due west Irom the place a ; but this is not the 
nw when mesaured with a quadrant of altitude. 

ftft. The Fixed Stars are so called because they have 
k*! otually been observed to keep the same distance with re- 



c iivllielruorning, Jfter, having 
be nTA by the splendour of his 
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spect to each other. The stars have an apparent motion 
from east to west, in circles parallel to the equinoctial, 
arising from the revolution of the earth on its axis, from 
west to east; and, on account of the precession of the 
equinoxes, their longitudes increase about 50^ seconds 
in a year ; this likewise causes a variation in their declin- 
ations and'right aBcendonsr: their latitudes are also subject 
to a small variadon. 

90. The Poetical Rising asd Ssttino o» the 
Stars, so called because they are taken notice of by the 
ancient poets, who referred tjie rising and setting, of the 
stws to the sun. Thus, when a, star rose with. the suni 
or set when- the sun rose, it waS' said to- rise and set Cob- 
incALLV. When a ttar rose at sun-setting, or set witfi 
die sun, it was f aid tp rise and set Acbonically. When 
a star first became visible i 
been so near the sun as to be 

rays, it was said to Rise Heliacally; and when a star 
first became invisible in the evening, on account of its 
nearness to the sun, it was said to Set IfeLiACALLY, 

91. A CoNSTELLATroN is an assemblage of stars on 
die surface of the celestial globe, circumscribed' by the 
outlines of some assumed iigure, as a ram, a draeon, a 
bear, &c. This, division of the stars into constellations is 
necessary, in order to direct a person to any part of the 
heavens where a particular star is situated. 

lliE following tables cantain ijl ilie eouatcJlatioiie an llw Buinai 
Globis. The. lODucAL cpHstelktiiuiK are 1 a in nimiEiu'. Cha nohtbbsh 
cousKllations 3.5, uvl 11k aoutheuii 4T, maUng in tha v«hulE,<I4. 9; 
adding logglhcr the numbers of slars inthe^in; coUimos uf tlie follow* 
ing tables, ihe tatui will bs found lo Iw 345T ; of thie nutnlwr then 
an only 1!> of the lirst magnitude, and 423 coiuuHbe seen Dtl..un)laik 
Tlie Ui^eht taaxs are call^ stars o£ the first niagnitude. Those of Ilw 
■iilh ma^lude aie the smallest tlist can . be soea by Ihe naked eya, 
Tlie 6guiiM oa tlie t*fi lund of tli« uiUes sbew the nudbw of sUra ii 
ewh eonMelUlion, from JVonNtAicCs Catalogue i R deiwtui rigbta* 
censinn, D declination of the iivddledf the several canBteilatkuUv tm 
the ready finding ihcm on Ilie globe. The modern ci 
distinguitbed from the audent by a star *. 
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IVKFIHlTIONa, &c. 



w o/'lAe ConslellntiaTts and of Hie jiriricipa! Si 
.'« each, mill thei 



1 



06. Aries, The Sain, Arietis 3; . . 

Ml. Taurus, r*(i5u«, Aidebaran I, the Plaiades, the 

85. Gemini, TItf Twini, GasMr 1, Pollux S, - 1 

as. Cancer, TAe Crab, Acubene 4, . _ l 

95. I-eo, llWLui'ii'Hagultucir Cor Leonisil, DenebS, 1 

lOO. VirgQi The Virgin, Spies Virginia I, VendemitltriB 3, 1 

31. Libni Tkf Balanoti-Zuhemeil Meli 2; - S 

. Scurpin, Thu .Tfarjiwn, Aatal-cs 1, - S 



69.. 



The. A 



. CapHconiui, Z%* eiwt, 
JOB.. Aquuiua, Th* (^lUVr Barer, Scbeat 3, 
113. Fi«cb, TheFiikei, 



. -20 Si 

1 S. 

. 10 N. 



11. Tux No. 



H CaNSTILLATIONS. 



■ AniroioedM, Mirsch 2, Alrooacb 2, - 15. 35 ^ 

.. Aquilo, r4eEojfe,with.Ai«in;iui^Alt^ror Alain, 295, a S 
. AsterioaeVChua-*, rol Canes Venoiia, The Gny- 

katuuii, - ... 200. -JO > 

I Ajuiga, TV Charioteer or Wag^nar., Capslla I, T.5. 4S K 

» BiiDtts, Aroturus 1, Mtnuh 3, - - 2I-i. 20 > 

1 CmBdopardalus*, Tht Cametuinnl, - B8- 70 S 

> C^ut Meduss, The Head of Miduta, and Feneiu, 44. 40 } 
. CaanApeia, Tlie Laiy in her Cbairi Scliedtr 3, 12. €0 9 

J Ci^*»ua, Aldsmmin 3, - - - -— -- - 

- CcctaeniB*, The Three-headed Dog, aad Henmles, 
i; CsfiM BeronicoB, Beranee'i Hhir, 
;, Cor-Garoli*. ChitHes' Heart, 
,. Coroa* Boiealin, The Nertiient Cmm, AlptiaccaS, 235. l 
.. CjgOUi, IV Sumi, Doneb Adigc 1, 
• Dd^DUS, TheDalphnu 

.. Dnwi, The DragiM, ItaMafaen 2, . . 

W-. Eqnilui, The Litttc Horn,, 
.. Hoiculac, vide Cerbcrui, lUvAlgdhi 3, 
;. Lamta*, 7%e LaaTd, ... 

i. Lao Minor*, TAe tilfte Linn, 
J- Lyn*", TAe iyiw, - , - 

!. Lyim, 7*e /rnr,>, Vega or Wega 1, 
I. MmW'MiatialuB, The Maunlain, Mtenaku, 

The Fly. • - - 40. 

Tht Flying HKric, MBrkob 2, ScfaeM % 340. 
nd* Oij'Ul .jMWw^ Algcnib 2, Aigirf S^ 

rHe^rrouF, ... 

&AAitAi; SiAieiki'i SIMdi 
Q 2 
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Names of the ConsteUations and of the principal Stars 




R. 


D. 


235. 


10 N. 


260. 


13 N. 


275. 


7 N. 


27. 


82 N. 


31. 


29 N. 


153. 


60 N. 


285. 


75 N. 


300. 


25 N. 


SO. 


75 N. 



^ wa in eachf with their magnitudes* 

64. Serpens, The Serpent, - . - 

74. Serpentarius, The Serpent Bearer, Ras Alhagus 2, 

7. Taurus Poniatowski*, The Bull of Poniatowski, 

11. Triangulum, The Triangle, 

5. Triangulum Minus, Z%e Little Triangle, 
SI, Ursa Major, The Great Bear, Dubhe 1, Alioth 2, 

B/enetnach 2, 
24. Ursa Minor, The Little Bear, Polar Star or Alru- 

kabah 2, - - 

37. Vulpecula et Anser*, The Fox and Goose 
JO. Tarandus, •, The Rein-Deer, 
To the preceding list of northern constellations^ foreign mathema- 
ticians have added Le Messier, Taurus Regalis, Frederick's £hre, 
Frederick's Glory, Tubus HercheUi Major, HercheVs Great Telescope* 

III* The Southskk Comstxllatioks. 

11. Apus vel Avis Indica*, The Bird of Paradise, 
9. Ara, The Altar, - - - 

€4. Argo Navis, The Ship Argo, Canopus 1, 

3. Brandenburgium Sceptrum*, The Sceptre of Bran' 

denburg, - - - - 

31. Canis Major, The Great Dog, Sinus 1, 

14. Canis Minor, The Little Dog, Procyon 1, 

.35. Centaurus, The Centaur, 

97. Cetus, The Wlude, Mencar 2, . ^ 

10. Chamaeleon ♦, The Camdeon, 

4. Circinus», The Compasses, . - - - 
10. Columba Noachi*, j^ooA*; Dove, 

12. Corona Australis, The Southern Crown, 
9. Corvus, The Crow, Algorab 3, 

31. Crater, The Cup or Goblet, Alkes 3, - 

6. Crux», The Cross, - - . 

7. Dorado or Xiphias*, The Sword Fish, 

8. Equuleus Pictorius*, The Painter* s Easel, 
84. £ridanus. The Biver Po, Achemer 1^ 
14. Fornax Chemica*, The Furnace, 
18. Grus», The Crane, - - 
12. HoVologium *, TAe CSbcit, 
60. Hydra, The Water Serpent, Cor Hydras 1, 
10. Hydrus*, The Water Snake, 
12. Indus; The Indian, - - - 
19* Lepus, The Mare, . . 
^4. Xupus, 2^ Woff, - - - - 

3. Machina Pneumatica*, The Air Pump, 
io. Microscopium*, The Microscope^ 
-31, MonocetoB*, The Umcom, « « - 



252. 


75 & 


255. 


55 & 


115. 


50 S. 


67. 


15 & 


105. 


20 & 


110. 


5N. 


200. 


50 S. 


25. 


12 S. 


175. 


78 & 


222. 


64 & 


85. 


35 S. 


278. 


40 & 


185. 


15 & 


168. 


15 SL 


183. 


60 & 


75. 


62 & 


84. 


55 & 


60. 


10 S. 


42. 


30 S. 


330. 


45 S. 


40. 


60 & 


139. 


8 & 


28. 


68 & 


815. 


55 & 


8a 


18 & 


230. 


45 a 


150. 


32 & 


315. 


35 S. 
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DEFINITIONS, &C. 



u 



Namtl efthe ConsleSaiioni and of Ote jirindfxd Start 

■^% ' ' ■ ■■ ^ 

30. Mods Mentx *, T/ic Table SfouiKnin, 

A. Jiiutx Aaalr3,Us, yd Apia', T/uSnuthem Fli/ or 

II. Nomu Tel Quadra Euclidi^*, Eaclid'i Sptore 

43, Octans Hodleiuiua ■, Hadley'i Octant, 

18. Officdna Sculptoria*, The Scidptar's Shop, 

7B. Orion, Bdelgeut 1, Rigel I, BctlMrii 3, 

14. PsTO •, The Peacnci, 

13. 1 



1 



!0. i 



, PiijciB Notius, Tel AustrBlia, The Southern Fis/i, 
Fomaihaut I, 
S. Piids Volans*, The Flipng Fah, 
16, PnaiteU»,TelceI»3culploria», TArEngrowr'ir'KiiJ, 6S. ■! 

4. Pyxia Maulica*, The Mariner' i Com} 
la Relicului abomboidalis*, The Rhon\ 
IS. Robur CaroU*. CharUi' Oak, 
41. SexUnB*, TheSextAiit, . . - 145. 

9. Telescojlium •, T/w Tdescojn, - - 278. i 

9, Touclum*, The American Gaone, - ' 

5. Triangulum AuatralU', T/ie Southern Triangle, 



— XipMas *, nidit Dorado, 

Foreign matbematicliins have added b 
tonsulUtianB, Solitaire, i ' " ~ 



the preceding list of eo 



Thr Georgian PiaUeri/ ; Tubus Herschilit Minor, Hctschel'a lett 
TelvMSpe ; Mootgollier's Balloon ; The Press at Guttcnberg ; and 
IbeCat. 

Erjilatiatian a/the diferent emblematical Figures delinraied on tht 

Surface aflke Celestial Globe. 

1. THE CONSTELLATIONS IN THE ZODIAC. 

Il ia conjectured that the iigurea in the sigos of the lodiac are de- 
MtipCiTc uf the seaaona of the year, and Chut they are Chaldean or 
^g^ttan hierof^yphics, intended to represent some remarkable ucctir- 
miM in each month. Thus the spring ligni were dittinguiihcd for 
Ihs productiou of those Bnimals which were held in the greatest esteem, 
tia. the tlKvp, the bUck.«flttle, and the goats; the latter being the most 
pttUfic, were represented by the figure of Gemini. — When the itut 
miten Cuwr, he tUtcontinues his progress lonardi the north pole, and 
b^ini to rEtum bock towards the south pale. This retrograde mottoa 
«■■ rrpresenled by a Crab, which is said to go backwards. Tlie heat 
Iku usually follows in Itie neit month is represented by the Lion, an 
Mnmal remarkabte for its heiceness, and which, at Iliis season, was 
fra^pwntly impelled, through thirst, to leave the sandy desert and make 
ila aiipMraace on tlw books of the Nile. The sun tiotered the ethsign 
diout tfas lime of harrett, which season was therefore represented by ■ 
- of eoni in her hand. Wben the 
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sun enters Libra, the days and nights are equal all over the world, u^ 
seem to observe an equilibrium, like aiainame. 

Autumn, which produGHiitiitfl in great HbuuiBnce, brings with k 
a viuicty of diseased: this season is repn&eaCed by that venomoBS 
vunia] the Scorpum, who wounds with a sting in his tail as he ncedes, 
The jall oT the leaf waa lh« scanoa for huotlng, and thu ttan which 
mariced the sun's path at this lime were represented by a huotfltnan, 
or archer, with his arrows «iul wEapoUE uf destnicCion. 

The Goat, whieh delights in climbing end aicending some hioub- 
Isin or precipice, is tile emblem of the winter Bobitloe, when the nm 
be^Ds Id ascend from (he southern tropic, and giadually to increoM 
iQ height fnr Che ensuing half year- 

jtguaHus, or the Water-b^rcr, is represented by the figure of a 
vuui pouring out water ^m on um, an embien^ of the dreary and 
' uncomfortable season of winter. 

Tlie last of the zodiacal consteUaUODt was Pisco, or a couple of 
lebes, tied barli to back, repi«eenting the fishing-season. The sere- 
>ity of the winter is over, the Hocks do not afford sustcnooce, hut the 
seas and rivers are open, and abound with fish. 

The Chaldeans and Egyptians were the original inventors of astro- 
nomy ; they registered the events in iheir history, and tlie nysleriea of 
their religion among the stars by emblematical figures. The Greeks 
displaced many of the Ctialdcan constellatioui, and placed such images 
ai had reference to their own history in their room. Tlie sume method 
was followed by the Homana : hence the accounts given of the signs 
of the codiac, and of the constellatioiiB, aie contradictory and iurobed 
In fable. 

II. THE NORTHERN CONSTELLATIONS. 

Ahokomeda is represented on the celestial globe by the Gguie of 
a woman almost n^ed, having her arms extended, and chaitud bj 
the wrist of her right arm to a rock. 5he teas the daughter nf C^ 
pheus, king of Mtinopai, who, in order to preserve his kingdom, wu 
cbliged to tie her naked to a rock near Joppa, now Jaffa, in Syria, M 
be devoured by a sea.monster [ but she was rescued by Perseus, in Ui 
return &om ijie conquest of the Gorgons, who turned the nuantlt 
into a rock by shewing it the head of Medusa. Andromeda was mada 
a constellation after her death, by Minerva. 

AHnMOOs was a youth of Bithynia in 
of the emperor Adrian, who erected a tempi 
phKed him among the constellations. — Antir 
oned a part of the constelktion Aquila. 

AoDiLA is supposed to have been Merops, 
Om, one of the Cyclades : iriio, according to Orid, ' 
an eagle, and placed among the constellations. 

" ■ " " CI, the two preyhotmds, b«H 
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Aimie* is rcpresGnled on the celetiial \(iv\iif by tile figure of n man 
in a knnliag or sitting pMlui-p, with a gout and her kids in his left 
hand, md h bridle in Ills rijfht. The 6reeli!i ^Ve varinus accouoU of 
thii eofHtelliuion ; ttnoe aopixHt! it to \ie JiricbthDnius, Sie rourth kii^ 
of Athens, atid son of Vulc»n nnii Minerva; he wbs very d^fnrmed, 
■nd his lcg« resembled the tail < of serpents ; he issnid la hH«e invented 
chariotH, and the manner of harnessing horses to draw Iham. Ullieia 
say (hat Auriga is Mirtilus, a son of Mercury and Fliaetusa; lie was 
choriineer to C£iiimiaus, Ictn); of Vi^a, in EIih, and so eiperienced in 
riding and the management of 'hor^esi that be rundtred Ibose of (£ao- 
OMuq the snifteH in all Grevou ; -his mHdelity Co his muter proved at 
lust fetal to him, but being a son of Mercury, he Was nude a connellki 
tion after his death. Bat as neither of theae fables seem to aceouat for 
tbcfroat and berkitb, it has been -nippiHed tbot they refer to Amoltlnea, 
dai^faler of Jifcjjanu, king of Crete, who, in conjunction with hy sister 
Meliasa, ted Jupiter nitli goon' milk ; it is moreover mid that Amal~ 
Ihm was a gost called Oleuia, from its residence at Olenus, a town of 
Pelo^nnesuii. 

B^^OTEi is supposed M be Areas, a son of Jupiter and Caliito; Juno, 
•rbo wH jealoiis of JnpilBr, changed Cali-tto into B bear ; she was near 
beisg itiiled by her ion Areas in hunting. Jupiter, to prevent farther 
injury from the bumamcn, made Calisloa constellation of heaven, and 
on the death of Areas, conferred tlie same honoiu' on dim. Boolea ia 
r^revcnted as a mati in a walking posture, grasping in his left hand 
a club, and having his right hnod eitended upwards, holding the cord 
of the two dogs Aaterion and Clrara, which leem to be barking at the 
Great Bear; hence Bootes is sometimes called the bear-drivec, and 
Ibe office assigned him is to drive the two bears round about the pole, 

CAHrLOraBDALOs was formed liy Hevelius. The Camelupord is 
rrnarkably lame and tracwble : its naturri properties resemble those 
Of tbo camel, satA. its body is validated with spots like the leiqianL 
lias aaiinal is to be found in Ethiopia and other parts of Africai iti 
aa&. is ibout seren feet long, its ibre and liind legs from the liouf 10 
th« aeeond joitit, are nearly of the same iMgth ; but from the second 
Jotnt of Ibe t^s to tfae body, (be fore legs are so long in comparison 
itilh the hind ones, that the body seems to slope like the roof of a 
ImBe. 

CissioFKiA was the wife of Ceplieus, and molJior of Andromeda. 
Bee Ihete cuatdlatumi, as alio Cetus. 

Cantna was a king of JElbia(.ia, and the father of Andromeila hj 
Cbiiiopeia ; Ceplieua was one of the Argonauts, who went with Josoa 
la Colchu M ttidi the golden Seeoe. 

Caaaaaiis was a dog belonging to Pluto, the god of tlie iitfeHuU 
Hgiom t iMa dag had Sfty hewla, aaconUng tu Hesiod, and three ac- 
cordiiig to oCiier mythologists ; he was stationed at tJie vntranco of 'tbe 
ilAtmk rcgtans, as a watchful keeper, to prevent the living from 
«<n*fing, and die dead from escaping tVom their conBnetneut. Tbe 
last and most dangerous eiploii of Hercules, wan tu drag Cerberus 
A<arii tlw infernal regions, and litiug him before Euryvllieus, king of 
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Coxa Bekenicks is cumpoaed of the unfannecl stsre, between thir 
Lion's tail and Bootes. Berenice was the wife of Evergties, a sur- 
mme mgniljiDg lienefoctnr ; when he went OD a dangerous eipeititioD, 
she TD»«d to dedicate her bair to the goddess Venus, if he returned in 
mlely. Some time after the victorious return of Evergetes, the locks 
which were in the temple of Venus disappeared ; and Conon, an is- 
troDDmer, publicly reported that Jupiter had carried them away, uul 
made them a constellation. 

Coa Cakou, or Charles's heart, iti the neck orChara, the southenv. 
moat of tlie two dogs held in a string by Bootes, waa so denominated 
by Sir Charles Scarhuruugh, physician to king Charles II. jn honour 
of king Charles I. 

CoBOMi BoHEAUS is a beautiful crown given hy Bacchus, the sod 
of Jupiter, to Ariadne, the daughter of Minos, second king of Crete. 
Bacchus is said to have nurried Ariadne after she was basely deserted 
by llieseus, king of Athena, and after her death the crown which 
Bacchus hod given her was made a constcllalian. 

CrcKUS is tabled by the Creeks lo be the swan under the form of 
which Jupiter deceived Leda, or Nemesis, the wife of Tyndorus, kin^ 
of Laconia. Leda was the mother of Pollui and Helena, the mort 
beautiful ffomim of the age; and also of Castor and Clytcninestra. 
The two former were deemed the ofispring of Jupiter, and Uie olhera 
claimed 'I'yndaruB as their father. 

DELrHiNus, the dolphin, was placed among the constellations b; 
Neptune, because by means of a dolphin, Amphitrite became the wife 
of Neptune, though she bad made a vow of perpetual celibacy. 

DaACO. The Greeks give various accounts of this conBteUation ; 
by some it is represented as the watchful dragon which guarded tlie 
j^olden apples in the garden of the Hesperides, near mount Atlas la 
Africa ; and was slain by Hercules : Juno, who presented the»; apples 
to Jupiter on (he day of their nuptials, took Draco up to heaven, and 
made a constellation of it as a reward for its faiOitiil servicer j others 
muntain, (bnt in a war with the giants, this dragon was brought into 
combat, and opposed to Minerva, wbo seized it in her hands and threw 
it, twisted as it was, into the heavens round the axis of the earth, before 



£auui.iis, (be little horse, ur Eyui Scctin, the horse's head, is sop- 
posed to be the brother of Pegasus. 

HEaciit.i[s ii represented on tbe cetestiai globe holding a dub to 
liis right hand, the three-headed dog Cerberus in his letl, and (lie skin 
of tbe Nemsan Lion thrown over his shoulders. Hercules was the 
ion of Jupiter and Alcmena, and reckoned tbe most famous bero in 
antiquity. 

Laceria, the liiard, was added by Hevelius to tbe old conslel- 

Leo MiNoa was formed out of the 5lEj/iE/n/bmi«, or unformed staia 
of the ancients, and placed above Lio the zodiacal constellation. 
According to the Greek fables, Leo was the celebrated Neimtun Uon 
whidi had dropped Irom tbe moon, but being slain by Hercules, was. 
elevated to tlie heavens by Jupiter, in commemoration of tlie dreadful. 
eonffic^ I 
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conflict, and in honour of that hero. Bui this constellation was amangu 
tho Egyptian hicroglypliici, long before the invcnlion of tlie fableii of 
Hercuiea. See the Zodiacal Constellationg, p. 29. Nemiea was a, 
town of Argolia in Peloponnesus, and wat infested by a Uon which 
Hercules slew, and clothed himself in the slin : gimei were instituted 



The Lthi was composed by Hcrelins out of the unfonned slars of 
the ancienti, between Auriga and Ursa Major. 

Ltki, the \yre or harp, is included in Vultur Cadens. This Con. 
Itellation was at first a tortoise, afterwards s ijre, because the strings 
of tlie lyre were originslly Bied to the shell of a tortoise : it is asserted 
thai this is the lyre which Apollo or Mercury gave to Orpheus, end 
with wluch be descended the infernal regions, in search of his wife 
Euiydice. Oipheus after death received divine honours, the Muse* 
gave an honaumble burial to lui remains, and his lyre becninu one of 
the consteilations. 

Moms Mani.1:Ds. The mountain Msnalus in Arcadia was sacred 
to the god Pan, and frequented by ahepherJa ; it received its name 
from Msnalus, a son of Lycaon king of Arcadia. 

PiQAEOs, the winged horse, according lo the Greeks, ^rung from 
ttae blood of the Gotgoa Medusa, after Perseus, a son of Jupiter, bad 
cut off her head. I^gasus flied his residence on Mount Helicon in 
Sdotia, where, by striking the earth with bis foot, be produced a foun- 
tain called Hippocrene. He became ibe favourite of l)ie Muses, and 
being Blierwnrds tamed by Neptune, or Minerva, he was given to 
Belleropbon to conquer tlie Chimara, a hideous monster ^lat con- 
tinually vomited flames; the fore-parts of its body were those of a 
lion, the middle was that of a goat, and the binder parts were those of 
a dragon ; it bad three heads, vii. ihal of a lion, a goat, and a dragon. 
After the destruction of this monster, Bellerophon attempted to 6y to 
heaven upon Pegasus, but Jupiter sent an insect which stung tlie horse, 
■o thu be threw down the rider. Bellerophon fell to the earth, and 
Pegasus continued his flight up to lieaven, and was placed by Jupiter 
junong the coostellationB. 

PcasauB is represented on tlie globe with a sword in his right band, . 
the head of Medusa in his left, and wings at his ancles. Perseus was 
^ son of Jupiter and DanSe. Pfuto, the god of the infernal regions, 
lent him liis helmet, which had [lie power of rendering its bearer iosi- 
■ible ; Minerva, the goddess of wisdom, furnished him witli her buck* 
Icr, which was re^lendenl as glass i and he received from Mercury 
winga, and a dagger or sword ; thus eijuipped, he cut oIT the head of 
Medusa, and from the blood whicli ilropped from it in his passage . 
through the air, sprang an innumerable quantity of serpents, whichever 
after infested the sandy deserts of Lybla. Medusa was one of tbo 
three Gorgons who had the power to (urn intoslones all those on whom 
th«7 fixed dieir eyes ; Medusa was the only one subject to mortality : 
•be was celebrated for the l>eauty of Iier locks, but having violated the 
nnctilj of the temple of Mmerva, that goddess changed her locks inta 
wnwnta. See the cmitclliilvm Andromeda. 

Htna tt; tha Acniw, Tbc Credu say that Una coDHellatioa owes its 
^^^ c a oHgiB 
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origin to one of the amms of Hertulrs with which he killti! the ragit 
of ¥Blture Ihat perpMusHy gnmwil Itio kiver of Prometheus, wko mi 
tied to a rode on Blouiit Cmicvjh, bj order of Jupiter. 

Scutum Sobinei was so n»med by Hevdius >i> honour of JOha 
StU^eski. king of Poland. Hewlius has a cdebrated axtT^ 
at Dantzick: his catalogue of fixed stars war. entitled I 
ANnKatmrn, and dedicMed (o Ihe kmg of Poland. 

Serpens is also called Serpens 0)iliim:lii hang gn^pei bf Ihe tuub 
of Ophiuchvt. 

SniPiKTABirs, OpftmcAu*, or jEn^/njriui, is represented b Ith a Urge 
beard, and holding in his two hands a serpent. The serpent was Ibe 
■ynibol of medidnc, and of Ihe gods who presided over it, as Apdio 
and ^scnIapiuB, because Ihe ancient phyncians used serpents in tbor 
ptMrnptions. 

Taubus PoNiATOWsKi »a» SO called in honour of Cmmt Ponffc 
lowski, a Polish officer of eilraordinary merit, ivho saved the life of 
CiMrleB XII. of Sweden, at the battle of Pollowa, a town near the 
Dnieper, about 1 50 miles south-east of Kior ; and a secnnd time M 
the island of Rugen, near the mouth of the river Oder. 

TKU.Naiii.irH. A triangle is a well known flgurc in geometry; it 
■»ms placed in the heavens in honour of the most fertile part of Egyft, 
being called the delta of the Nile, from its resemblance to the Oreek 
letter of tliai naniB 4. The invention of geomelrj is usually ascribed 
to the Egyptians, and it is osfrcrted that the nnnn^ inundations of tbe 
Kile which swept away the hounds and land-marks of estates, gave 
occasion to it, t^ obliging tlie Egvp''a'» to consider the figure aiid 
quantity belonging to the several proprietors. 

Ursa Major is said to be Calistn, an attendant of Diana Ihe god- 
dess of hunting. Calisto was changed into a bear hy Juno. — Sse lie 
Cmttellalwii Bdolft. — It is farther stated that the ancients represenled 
Ursa Major and Ursa Minor, each under the form of a waggon, diwim 
by a team of horses. Ursa Major is well known to ihe country people 
at this day, by the title of Charles's IFain, or waggon : in smne places 
it is called the plough. There are (wo remarkable sur^ in Ursa Major, 
eOBsidercd as the hindmost in the square of the wain, called the pointers, 
because an unagiiuiry line drawn through these Stan and estended 
Upwanls will pass near Ihe pole-star in the tut of the T.iltle Bear. 

Vtn.ncvi.A rr Ahber, the Fob and the Goose, was made by Here- 
liua out of the unformed stars of the ancients. 

III. THE SOUTHERN CONSTELLATIONS. 

Ara is supposed to be the attar on which the ^ods swore betbre 
dwir combat with Ihe giants. 

Aboo Natis is said lo be Ihe ship Argo, which carried Jason and 
Ibe Argonauts to Colchis to fetch the golden fleece. 

Cahib Major, the Great Dog, according to the Greek fables, is 
one of Orion's houndn ; (^Sfe Cnrtis Minori) but the Egyptians, who 
Careflitly watched the rising of this constellation, and by it judged of 
<l*M*BHingol«WHil«,o»IMAefaiiglKMa' Striui the cenliiiel and 
wwXds 
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wstch of Ibc year ; umi aGcoiding to Uujir hierugjyphi'cal 

writing reprewnted it uiiilcr Ilic figure of a dag, Die EgypUans 

railed >hi! Nile Sirii, and hence is derived Ihc nwne of their deity 

Cabis Misom the I.iltle Dog, aetor.llng (o the Greek fables, ig 
one of Orfon'E liounds; but the Egyptians were most probably the 
inTcnlors of Iliis cniMellatiun, and as it rlaei before the dog star, 
Irhicb at a .pBrliculnr seison was «> much dmidL-d, it ia propurly re- 
presented as a tiltJe valchful creature, ginng notico of the otfier^B 
approach ; hence the Lstiiis lisve culled it Antecanis, the star before 

CiKTiUBUFi. The Cunouri were a people of 'Biessaly, lalf men 
and half iiarses. The nim^lians were celvbiated for Iheir skill in 
tuning boneif, and tlieir appearance on hoisebafk «iu so uncommon 
a flight to the nraghbouring slated that at a distance they imagined 
tbe man and horse to be one uiiimal : wben the Spsoiards landed in 
America, and appeared on horsebadi, tbe Meiicans had the same 
ideaa. This conHelUkion i> by «ome supposed to represent Chiron 
tlie Ceniaor, tulm uf Adulles, ^sculapius, Uerculeb, &c. ; but as 
Sagittarius in likewise a Centaur, others bure contended ibat Chirun it 
represented liy Sugitlarius. 

Cmrvt, the whale, is pretended by tbe Greeks to be the aeo-mooster 
whicb Neptune, brother to Juim, sent to devour Andromeda ; IfecauM 
her mother, CassiopeLo, bad boasted herself to be fairer tlian Juno and 
the Nerddes. 

CoKTui, the Crow, was according to the Greek fables made a con- 
ilellation by Apollo: t)ii« god being jealous of Coronn (llie daughter 
of Phl^yaa and mother of jEsculapius) sent a crow to watch her 
bdiaviour; the bird, perched on n tree, percdvcd her criminal par. 
tUlity to Iicbyn, the Hief^salian, and acquainted Apollo with her 
convict. 

Caoi, CansiHo or CaosiEo. There are four stars in this constel- 
lation forming a cross, by which raariners sailing in the southern 
baiiui{iliere rmdily find the situation of the Antarctic pole. 

£ridahus, the river I'o, called by Virgil the king of rivers, wni 
plwxd in the heavens for receiving Fhaeton, whom Jupiter struck 
with tfaunder-boltt when the earth was threatened with a general con- 
Aagration, thmugb tbe ignorance of Phaeton, wbu bad presumed to 
be able to guide the chariot vf the sun. The Po is sometimes called 

Hrnsa u the water serpent, which, according to poetic fable, in- 
listed tbe like Lcrna in Peloponnesus , this monster had a great 
iminber of beads, and as soon as one was cut off another grew in 
Its ne«d j it was killed by Hercules. The general opinion is, thai this 
ftfdm was only a multitude of Mirpeots which infested the marshes of 
Unw. 

Liniii the hare, according to the Greek f^es, was placed near 
Orioo, at being one of the animals which he hunted. 

MlCWKontiv, the Microscope, is an opticol iastnimen' '~' 
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of lenses or tnirrara, so amuigecl, as to render very minute objects clear 
and distincC. 

MoNQCEBOS, the Unicom, was added by HeveliuB, and composed 
of stars whidi the ancients had not comprised within tlie outlines of 
the other constellations. 

Obion is represented on the globe by the figure of a man with a 
sword in his belt, a club in bis right hand, and the skin of a lion in 
his letl; he ia said by some uutliurs to be the son of Neptune and 
£urya!e, a bmous hnntiESS ; be possessed the disposition of his mother, 
became the greatest hunter in the norld, and boasted that llierc was 
not any animal on the earth which he could not conquer. Others sayj 
that Jupiter, Neptune, and Mercury, as they trayelled over Bocotiiu 
met with great hospitality from Hyrieus, a peasant of the country, who 
was ignorant of then- dignity and character. When Hyrieus bad dii- 
covered that they were gods, be welcomed them by the voluntary sacri- 
fice of an o£. Pleased with his piety, the gods promised to grant hiia 
whatever he required, and the old man, who bod lately lost his wife, 
and to whom he made a promise never to marry again, desired thcni, 
tliat as he was diildleu, they would give him a son without obliging 
him ts break his promise. The gods consented, and Orion was pro- 
duoed from tJie hide of the ox. 

Piscis Adstbalis, the southern lish, is supposed by the Greeks to 
be Venus, who tran^ormed herself into a fish, to escape from the ter- 
rible giant Typhon. 

RoBUB Caboi.1, or Charles' Oak, was so called by Dr. Halley, in 
memory of the tree in which Charles II. saved himself from his pur- 
suers after the bailie uf Worcester, Dr. Halley went to St. Heleiu. 
in the year I6TS, to take a catalogue of such stars as do not rite aboia 
■be horiion of London. 

SsiTANs, the Sextant, a malhenuttical instrument well known to 
mariners, was formed by Hevelius from the Stella Infarmft of the 



92. Galaxy, via lactea, or MUky-inaif, is a whitish 
lutninous tract which seems to enconipasE the heavens, 
like a girdle, of a considerable, though unequal breadth, 
varying from about 4 to 20 degrees. It is composed of 
an infinite number of small stars, which by their joint 
light, occasion that confused whiteness which we perceive 
in a clear night when the mooo does not shine very 
briglit. Tlie Milky-way may be traced on the celestial 
globe, beginning at Cygnus, through Cepheus, Cassio- 
peia, Perseus, Auriga, Orion's club, the feet of Gemini, 
part of Monoceros, Argo Navis, Kobur Caroli, Crux, 
the feet of the Centaur, Circinus, Quadra Euclidis, and 
Ara ; here it is divided into two parts ; the eastern branch 
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passes through the tail of Scorpio, the bow of Sagittarius, 
Scutum Sobieski, the feet of AntinouB, Acjuila, Sagittct, 
and Vulpecuta ; the western branch passes through the 
upper part of the tail of Scorpio, the right side of Ser- 
pentariuB, Taurus, Poniatowslii, the Goose, and the neck 
of Cygnus, and meets the aforesaid branch in the body 
of Cy gnus. 

93. Nebulous, or cloudy, is a term apphed to certain 
fixed stars, smaller than those of the 6th magnitude, 
which only shew a dim hazy hght like little specks or 
clouds. In Prtesepe in the breast of Cancer are reckoned 
36 little stars ; F. le Comptc adds, that there are 40 such 
stars in the Pleiades, and 2500 in the whole Constellation 
of Orion. It may be further remarked, that the Milky- 
way is a continued assemblage of Nebulie. 

94. Bavbr's Characteks. John Bayer of Augsburg 
in Swabia, published in 1603 an excellent work, entitlKl 

Urauometria, being a complete atlas of all the constel- 
lations, with the useful invention of denoting the stare in 
every constellation by the letters of the Greek and 
Konian Alphabets ; setting the first Greek letter a to the 
principal star in each constellation, to the second in 
magnitude, y to the third, and so on, and when the 
Greek alphabet was finished, he began with a, i, c, &c. 
of the Roman, This useful method of describing the 
stars has been adopted by all succeeding astronomers, 
who liave farther enlarged it by adding the numbers, 
1, 2, 3> 4c. in the same regular succession, when any 
constellation contains more stars than can be marked by 
the two alphabets. The figures are, however, aome- 
tinies placed above the Greek letter, especially where 
double stars occur ; for though many stars may appear 
single to the naked eye, yet when viewed through a 
telescope of considerable magnifying power they appear 
double, triple, &c. Thus, in Dr. ZachV Tabute Motuum 
SoUb, we meet with/ Tauri, Tauri, y Tauri, J' Tauri, 
i*Tauri, &c. 

Ai (be Greek Ictlcn ao frequently occur in catalogues of Ibe siara 
ndcnihccalenial globw, ibe Greek alphiibet in Iwre introduced for 

" " "' K wlio are uuBcijuainled with (be letters. The capitals 
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wMom iiied in tbe catelogues of stersy but are hme gifvn for ikt 
of ffgulwity. 
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95. Pi/ANETS are opaque bodies, similar to our earth, 
which move round the sun in certain periods of time. 
They shine not by their own light, but by the reflection 
«f the light which they receive from the sun. The pla- 
ttets are distinguished into primary and secondary. 

96. The PRIMARY Planets regard the sun as their 
centre of motion. There are 11 Primary Planets, dis- 
tinguished by the following characters and names, viz. 
5 Mercury, ? Venus, © the earth, (J Mars, S Vesta, 

j^ Judo, f Ceres, $ Pallas, % Jupiter, ^i Saturn, and 
^ the Georgium Sidus. 
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97- The BECOMDAHT Planets, satellites, i 
regard the primary ptaneta as their centres of motioo: 
thus the raoon revolves round the Earth, the satellitea 
of Jupiter move round Jupiter, &c. There are 18 se- 
couilary planets. The earth has one satellite, Jupiter 
Jbur, Saturn sewn, and the Georgium Sidus six. 

98. The Orbit of a planet is the imaginary path it 
describes round the sun. The earth's orbit ie the ecliptic. 

99. Nodes are the two opposite points where the 
orliit of a planet seems to intersect the ecliptic. That 
where the planet appears to ascend from the south to the 
north side of the ecliptic, is called the ascending or north 
node, and is marked thus Q ; and the opposite point 
where the planet appears to descend from the north to 
the Booth, is called the descending or south node, and a 
marked g, 

100. Aspect of the stars or planets is their situatiou 
irith respect to each other. There are five aspects, viz. 
cf Conjunction, when they are in the same sign and de- 
gree ; .^ Sexlile, when they are two signs, or a sixth part 
•f a circle, distant ; D Quariile, when they are three signs, 
or a fourth part of a circle, from each other ; A Trine, 
when they are four signs, or a third part of a circle, from 
each other; ^ Opposition, when they are six signs, or 
half a circle, from each other. 

The conjunction and opposition (particularly of the 
moon) are called the Si/tygies, and the quartile aspect, 
the Quadratures. 

101. Direct. A planet's motion is said to be direct 
when it appears (to a spectator on the earth) to go for- 
ward m the aodiac, according to the order of the signs. 

102. Stationary. A planet is said to be stationary, 
when (to an observer on the earth) it appears for some 
lime in the same point of the heavens. 

103. RETHOfiRAnK. A planet issaid to be retrograde, 
when il apparently goes backward, or contrary to the 
order of the signs. 

i(W. Digit, the twelfth part of the sun or moon's ap- 
parent diameter. 

105. Disc, the face of the sun or moon, such as they 
^peor to a q^ectator oa the earth ; for though the sun 
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and moon be really spherical bodies, they appear to be 
circular planes, 

106> Geocenthic latitudes and longitudes of the 
planets, are their latitudes and longitudes as seen Irom 
the earth. 

107> Heliocentric latitudes and longitudes of the 
planets, are their latitudes and longitudes, as they would 
appear to a spectator situated in the sun. 

108. Apogee or Apogfeum is that point in the orbit of 
a planet, the moon, &c. which is farthest from the 
eartli. 

109. Perigee or Perigaeum is that point in the orbil 
of a planet, the moon, &c. which is nearest to the earth. 

110. Aphelion or Aphelium is that point in the orbit 
of the earth, or of any other planet, which is farthest 
from the sun. This point is called the higher Apsis. 

111. Perihelion or Perihelium is that point in the 
orbit of the earth, or of any other planet, which is nearest 
to the Eun. This point is called the lower Apsis. 

112. Line op the Apsides is a straight line joining 
the higher and lower apsis of a planet ; viz. a line joining 
the Aphelium and Perihelium. 

113. EccENTHiciTif of the orbit of any planet is the 
distance between the sun and the centre of the planet's 
orbit. 

114. OccuLTATioN is the obscuration or hiding front 
our sight any star or planet, by the interposition of the 
body of the moon, or of some other planet. 

115. Transit is the apparent passage of any planet 
over the face of the sun, or over the face of another 
planet. Mercury and Venus, in their transits over the 
fiun's disc, appear like dark specks. 

116. Eclipse of the sun is an occultation of part of 
the face of the sun, occasioned by an interposition of tlie 
moon between the earth and the sun ; consequently all 
eclipses of the sun happen at the time of new moon. 

117. EcL^psB OF the Moon is a privation of the light 
of the moon, occasioned by an interposition of the earth 
between the son and the moon ; conBequently all eclipses 
of the moon happen at full moon. 

118. Elonuation of a planet is the angle formed by 
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two lines drawn from the earth, the one to tlie sun, and 
the otber to the planet. • 

119. Diurnal Arc is the arc described by the sun, 
moon, or stars, from their rising to tljeir setting, — The 
sun's semi'diurnal arc is the arc described in half the 
length of the day. 

120. Nocturnal Arc is the arc described bythe sun, 
moon, or stars, from tlieir settmg to tbeir rising. 

121. Aberration is an apparent motion of the celes- 
tial bodies, occasioned by the earth's annual motion In its 
orbit, combined with the progressive motion of light. 

To illustrate this deGnidoii, — If light be supposed to hiie a pro' 
gressive mocian, the poailion of the telescope through which H star in 
vieved must be difEWent from thai which it would hare been, if light 
bad beea initsDtaneaus, and therefore the aituadon of b stai ineamred. 
in the heavens, will he different from its true aituatioii. Let^f- rapre- 
lent the situation of a fixed star, a s the direction of the earth's mo- 
tion, .^a the direction of » panicle of light, entering the niis mo of 
a telescope tt o, and moving ifarough o a whilst the earth moves irom 
m to I, then if the telescope be kept parallel to itself, the light irill d 
Kend in the axis. """ 

For, let the axis nd, te continue pa- 
rallel to m«, then if each motion be 
considered oi uniform, (iliat of the sptrc- 
lator, occasioned by the earth's rotation, 
bnng disregarded, bet^uee it is so small 
as U> produce no effect,) tite spaces de- 
scribed in the some time will retain tile 
same ratio^ now jm ami as l>eing de- 
scribed in the same time, and because 
m»:af.: mn : or, it follows that Txna^id 
vr an? also described in the same portion 
of time, anil therefore when the telescope 
is in llie situation nd the particle of tight 
wUl be at r in the telescope, atid thia 
bdng ttw case in every moment of its 
descent, Oie sitiution of the star, mea- 
tured by tiie telescope at i, is t, and the 
angle^ aiislheoterraluiii. Hence it 
•pliears. that if we take sd : la t ', the 
Tslociiy of light : the velocity of the 
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egrth, and complete tiie paTaUGlogram xBdJ^ ihe^abtrrariurt 

place measured by the ioMrumenl, or its situaliiin as 



122. Centripetal Force is that force with which a 
movinj; body is perpetually urged towards a centre, and 
made to revolve in a curve instead of proceeding in a 
straight line, for all motion is naturally rectilinear,— 'Cen- 
tripetal force, attraction and gravitation, are terms of die 
same import. 

123. Cextrifugal Force is that force with which It 
body revolving about a centre, or about another bodyi 
endeavours to recede from that centre, or body. — There 
are two kinds of centrifugal force, viz. that which is giv^ 
to bodies moving round another body as a centre, usually 
called the Projectile Force, and that which bodies 
acquire by revolving upon their own axes. Thus, for 
example, tlie annual orbit of the earth round the sun is 
desciibed by the action of the centripetal and projectile 
forces ; — And the diurnal rotation of the earth on its 
axis gives to alt its parts a centriiugal force proportioaal 
to its velocity. 

Sir Isaac Newton has demonstrBlcd,(niDc1p. Prop. XIX. Book III,} 
that the " centrifugal force of bodied at the equator, is ta Ihe centri' 
« fiigal force with which bodies recede frum the eniriJi, In the latitude 
" of PmtU, in the dupUcntc ratio of Ihe radius to the co-sine of lh« 
'■ latitude. — And, that the centripetal power in the latitude of 
" is to Uie ceatrif>ig>I force at the equator as S8B is ' 
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1. The latitude of any place is equal to the elevation 
of the polar star (nearly) above the horizon ; and ^e 
elevation of the equator above the horizon, is equal to 
the complement of the latitude, or what tlie latitude 
wants of 90 degrees. 



Tha words etimg^ mar. signify the gref^test alongatjon «f 
a pkuet. Jn Plate II. Fig. S. E represents the earth, V Venus, and 
8 flW nm. l%e elongation is the angle VES, measured hy tbe arc 
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2. Aii places lying under the equinoctial, or on fhe 
equiEtor, have tio latitude, and all places situated on die 
first meridian have no longitude ; consequently that par- 
tioHlar point on the globe w'here the first Tneridian inter- 
«Brts (be equator has neither latitude nor longitude. 

S. The latitudes of places increase oe their dietanceg 
from the equator increase. The greatest latitude a place 
can have is 90 degrees. 

4. The longitudes of places increase as their distancoB 
from the tirst meridian increase, reckoned on the equator. 
The greatest longitude a place can have is 180 degrees, 
bejn^ half the circumference of the globe at that place ; 
hence no two places can be at a greater distance from 
each other than 180 degrees. 

5. The sensible horizon varies as we travel from one 
plKce to another, and its semi- diameter is afiected by 
raA'action. 

6. AL countries upon the face of the earth, in respect 
to time, equally enjoy the light of the sun, and are equally 
lq>rtved of the benefit of it ; that is, every inhabitant of 
the earth has the sun above his horizon tor eix months, 

nd bdotr hJB horizon fur r)»> sBmo length of timp. * 

7- lu all places of the earth, cKcept exactly under the 



• Thit diDUgh nearly trae is not accuraiely w. The refraction in 
high lidtudca is very cuusiderable, (see [t<^finiiion SSth,) nnd near tka 
pole* tlie sun will bu seen fur ^lerera) days before be comes aboye the 
luiriion 1 and he will, for lUe same reason, be seen for screral days after 
be Itas descended below [he borizoo. — The inliabitants of the poles (if 
taj] enjoy ■ rery large degree of twilight, tite eaa being nearly two 
moDiha before he retreats IS degrees below the horLian, or to the point 
frben hk i^rs aie first admitted into the atmospliere, and be is only two 
suBtba more bufii^ he arrivei at the lame pandlel of latitude : and pOE- 
ticularlj near the north-pote, the light of the moon is greatly incrensed 
by UierctleclionofilieBnow.andlhebriglilneBsoftlic Aurora Borealisj 
the sun is litewise about leven daya longer in passing through the 
■orthiTD, than Ibrough the MHilhem dgiu; that is, from the vernal 
aquiaox, which happens ontbe 21atofMarcl^ lo the autumnal eguinoi, 
«hidi falla on the iiSd of September, being tlie njimner half-year to 
the inhabttonls of nortli latitude, is IBS days, Ihc winter hall'-yesr ia 
tliercran only 179 days. Theinhabitanlsnear thcnorth-pole have con- 
Msgoenllj more light in the course of a year than any other inhabitants 
on iJw Wfftoe of the globe. 

pou». 
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poles, the days and nights are of an equal length, (viz. 12 
hours each,) when the sun has no declination, that is, on 
the 2lBt of March, and on tlie 23d of September. 

8. In all places situated «n the equator, the days and 
nights are always equal, notwithstanding the alteration of 
the sun's declination from north to south, or from south 
to north. 

9. In all places, except those upon the equator, or at 
the two poles, the days and nighta are never eijual, but 
when the sun enters the signs of ^rie* and Libra, viz. on 
the 2Ist of March, and on the 23d of September. 

10. In all places lying under the same parallel of lati- 
tude, the days and nights, at any particular time, are 
always equal to each other, 

1 1 . The increase of the longest days from the equator 
northward or southward, does not bear any certain ratio 
to the increase of latitude ; if the longest days iucrease 
equally, the latitudes increase unequally. This is evident 
fcom the table of climates. 

12. To all places in the torrid zone, the morning and 
evening twilight are the shortest; to all places in the 

frigid znnpK llip InngpBt ; nnrl to all places in the temper- 
ate zones, a medium between the other two. 

13. To all places lying within the torrid zone, the sun 
IS vertical twice a year ; to those under each tropic once^ 
but to those m the temperate and frigid zones, it is never 
vertical. 

14. At all places in the frigid zones, the sun appears 
every year without setting for a certain number of days, 
and disappears for nearly the same length of time; and 
the nearer the plaee is to the pole, the longer the sun 
continues without setting; viz. the length of the longest 
days and nights increase the nearer the place is to the 
pole. 

15. Between the end of the longest day, and the 
beginning of the longest night, in the frigid zone, and 
between the end of the longest night, and the beginning 
of the longest day, the sun rises and sets as at othei 
places on the earth. 

16. At all places situated under the arctic or artarctic 
circles, the sun when he has 23° 28' declination, appears 

for 
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for 24 hours without settiog ; but rises and seta at all 
other times of the year. 

17. At all places between the equator and the north- 
pole the longest day and the shortest night are when the 
son has (23° 28') the greatest north dedination; and the 
shortest day and longest night are when the sun has the 
greatest south declination. 

18. At all places between the equator and the south- 
pole the longest day and the shortest night are when the 
sun has (23° 28) the greatest south declination ; and' the 
shortest day and longest night are when the sun has the 
greatest north declination. 

19. At ^11 places situated on the equator, the shadow 
at noon of an object, placed perpendicular to the horizon, 
falls towards the north for one half of the year, and 
towards the south the other half. 

20. The nearer any place is to the torrid zone, the 
. shorter the meridian shadow of an object will be. When 
L jtfifi- *'"*'^ altitude is 45 degrees, the shadow of any per- 
^^SUjeular object is equal to its height. 

^^^Hu. The farther any place (situated in the temperate 
^^Hntrid zones) is from the equator, the greater the rising 
f^^BB setting amplitude of the sun will be. 
' 32. AH places situated under the same meridian, so far 
as the globe is enlightened, have noon at the same time. 

23. If a ship set out from any port, and sail round the 
earth eastward to the same port again, the people in that 
ship, in reckoning their time, will gain one complete day 
at their return, or count one day more than those who 
reside at the same port. If they sail westward they will 
lose one day, or reckon one day less. To illustrate this, 
suppose the person who travels westward should keep 

Sttce with the sun, it is evident he would have continue 
ay, or it would be the same day to him during his tour 
round the earth ; but the people who remained at the 
place he departed from have had night in the same time, 
consequently they reckon a day more than he does, 

24. Hence, if two ships should set out at the same 
time, &om any port, and sail round the globe, the one 
CHttrard and the other westward, so as to meet at the 
Mme port on any day whatever, they will di&r two days 
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in reckoning their time at their return. If they aail twine 
round the earth they wiil differ four dnya; if tlicie^ 
six, &c. 

ia. But, if two ehips should' set out at tlie same tiins 
from' any port and sail round the glohe, northivwd on 
southward, so as to meet at the same pont on any day 
whatever, they will not differ a minuDe in reckoning their 
tinie, nor fram those who reside at the pott. _„^ 
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1, Matter <s a substance which, by ita different 
modifications, becomes the object of our hve senses ; via. 
whatever we can aee, hear, feci, taste or smell, must be 
considered as matter, behig the constituent parts of ths 



2. The PROPERTIES OP MATTER are extension, figure, 
solidity, motion, divisibility, gravity, and vis inertiai 
These properties^ which Sir Isaac Newton observes * are 
the foundation of all philosophy, extend to the minutest 
particles of matter. 

3. Extension, when considered. as a.property of mat.- 
tet, has length, breadth, and thickness. 

4. Figure is the boundary of extension; for every 
finite extension is terminated by, or comprehended undei^ 
some figure. 

5. Solidity is tliat property of matter by which it 
fills space ; or, by which any portion of matter exoluda 
every other portion from that space which it oocupisi. 
This is sonieDnies defined the impenetrability of matter. 
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6. MoTnnr. Though matter of itselt'has no ability to 
move; yet as all bodies, upon which we can make suit- 
able expetimentB, have a capacity of being transferred 
from one place to another, we inter tliat motion is a qui^ 
Ihy belonging to all matter. 

7- DiTisiBiLiTY of matter signifias a capacity of 
being separated into parts, either actually or mentally. 
That matter Ib thus diviBible, we are convinced by dally 
aqKrisnce, but; how far the divieion can be actually car- 
rica on is not easily seen. The parts of a body may be 
so far divided as not to be sensible to the sight ; and by 
the help of microscopea we discover myriads of organized 
bodies totally unknown before such instrumentB were in- 
vented. A grain of leaf gold will cover fifty square 
inolies of surtace ", and contains two miUions of visiMe 
parts: but the gold which covers the silver wire, used m 
making gold lace, is spread over a surface twelve times 
as great. From such considerations as tliese, we are led 
tn conclude, that the division of matter i* carried on to 
* decree of minutfiness far exceeding the bounds of our 
fttH&es. 






Draw ■tif line ac, and anolber mk per- 
penAcular to il, or an unlimited length ti>- 
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CKDtreh Mnd dlsranccB ok, va, and hb de- 

wrlln ilw- arcs- U) m. im. Now il is evi- 

iknl the bithcv Ibo cajti« is taken from B 

the neiin'r the ar« will approach lo o, and 

Itic ■■□« en will be divided into poits, euti 

lanaller thun the preceding one ; and Htice -the line on may be extend«| 

<o an itidefinite distiuice bcjond q, the line ™ maj he indefinitely di- 

aiinuhed, yet it can never be reduced lo nothing, bec»a»a an arc of a 

dnk on oGHtz ciuncide with a stni^ht'tiaa bc, henca il fallows that 

Ak may b« diminirfid ad iafinii uftu 

tm'> NatnnU and Elperimentri PhSlgKipliy. teet; XXTV, 
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8. Gravity is that force by which a body endeavours 
lo descend towards the centre of the earth. By this 
power of attraction in the earth, all bodies on every part 
of its surface are prevented from leaving it altogether, 
and people move round it in all directions, without any 
danser of falling from it. — By the influence of attraction, 
bodies, or the consituent parts of bodies accede, or have 
a tendency to accede to each other, without any sensible 
juaterial impulse, and this principle is universally disse- 
minated through the universe, extending to every particle 
of matter. 

9. Vis inertia; is that innate force of matter by which I 
it resists any change. We cannot move the least particle 
of matter without some exertion, and if one portion of 
matter be added to another, the inertia of the whole ia 
increased, also if any part be removed the inertia ia 
diminished. Hence, the vis inertia of any body is pro* 
portional to its weight, 

10. Absolute and relative motion. A body is 
said to be in absolute motion, when its situation is changed 
with respect to some other body or bodies at rest ; and to 
be relatively in motion, when compared with other bodies 
which are likewise in motion. 

When a body always passes over eijua! parts of space 
in equal successive portions of time, its motion is said to 
be uniform. 

When the successive portions of space, described io 
equal times, continually increase, the motion is said to be 
accelerated! ^^d. if the successive portions of space con- 
tinually decrease, the motion is said to be retarded. Also, 
the mption is said to be uniformly accelerated or retarded, 
when the increments or decrements, of the spaces, de- 
scribed in equal successive portions of time, are always 
equal. 

11. The vELOCiTT of a body, or the rate of its mo- 
tion, is measured by the space uniformly described in ft 

12. Force. Whatever changes, or tends to change, 
the state of rest or motion of a body is called /brce. Ha 
force act but for a moment, it is called the force of per- 
cussion or impulse ; if it act conetantly, it is called an ac- 

celeradve 
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celerative force ; if constantly and equally, i 
uniform accelerative force. 
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Law I. " Every body perseveres in its slate of rest, or uhi- 
"Joria motion in a straight line, unless it is compelled to 
" ekajtge that state by forces impressed thereon.' — New- 
ton's fi-incip. Book 1. • 

Thus, when a body a is positively 
at rest, if no esternal force put it in i 
motion it will always cootinue at rest. 
But if any impulse be given to it in the direction a b, un- 
less some obstacle, or new force, stop or retard its 
motion, it will continue to move on uniformly, for ever, 
in the .same direction ab. — Hence any projectile, as a. 
^all shot from a cannon, an arrow from a bow, a stone 
cast from a sliog, &c. would not deviate from its first 
direction, or tend to the earth, but would continue in a 
straight line with an uniform motion, if the action of gra- 
vity and the resistance of the air did not alter and retard 
its motion. 



X^w II. *' The alteration of motion, or the motion gene- 
" rated or destroyed, in any body, is proportional to the 
"force applied; and is made in the direction of that 
" straight line in which the force acts." Newton's 
Princip. Book I. 

Thus, if any motion be generated by a given force, a 
double motion will be produced by a double force, a triple 
motion by a triple force, Sic. — and considering motion as 
an effect, it will always be found tliat a body receives its 
motion in the same direction with the cause that acta 
upon it. — If the causes of motion be various, and in dif- 



• TTu'b and the two fuUowing are generally lermed Newlon'i three 

drat, OBH they are in Dn Cartel' Frinc^iia PhUonphw, Part II, p»ges 
" "'(ttdlDk whicli work was published befine^nvian'tiVnicjna, 
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f&tmt direotions ; the body acted upon must take an 
oblique or compound direction. Hence a. curvilinear 
motion cannot be produced by a simple cause, but must 
arise from different causes, acting at the same instant 
upon the body. 

JUaw in. '^ To evertf action there is always opposed an 
" equal redaction ; or the mutual actions of two bodies 
" upon each other are altoays equals and directed to con'- 
" trary points" Newton's Prmcip. Book I. 

If we endeavour to raise a weight by means oi a lever^ 
we shall find the lever press the hands with the same 
force which we exert upon it to raise the weight. Or if 
we press one scale of a bialance^ in order to raise a 
weight in the other scale/ the pressure against the finger 
will be equal to that force with which the other scale en> 
deavours to descend. 

When a cannon is fired, the impelling force of the 
powder acts equally on the breech of the cannon and on 
the bally, so that if the cannon, with its carriage, and the 
ball were of equal weight, the carriage would recoil with 
the same velocity as that with which the ball issues out 
of the cannon. But the heavier any body is, the less will 
its velocity be, provided the force which communicates 
the motion continues th^ same. Therefore so many 
times as the cannon and carriage are heavier than the 
ball, just so many times will the velocity of the cannon 
be less than that of the ball. 



.<^3i> 




COMPOUND 



Chap. n. 



1 



COMPOUND MOTION. 



of the ere 
*. Ffa 



^^^HT^ iluo Jbrces act at the iamg time on any body, 
Sni w fhe same direction, the body will move quicker 
Attn it Tuotild by being aeted upon by only one of the 
firca. 

2. Tffi body be acted upon by iv,o equaljbrcei, rn exactly 
apvosue direalioHs, it Kill not he mated Ji out its iitii- 

S. If a body be acted upon by tvio unequal Jbrces, 
n exactly contrary directions, tt vitll move in the direction 

' ' ' e ereater Jhrce. 

ffa body be acted upon fiy two farces, neither in the 
vums nor opposite directions, it will not fblima either of 
ihe forces, hut move in a line between them. 

The first three of the preceding articles may be con- 
sidered aa axioms, being self-evident ; the fourth tuay be 
ihua eJucidated: Let a force be applied to a body at a, 

in the direction An, which would ^ r K. i 

cause it to move uniformly from — ^ ' ' 

A to a in a given period of time ; 
and, at the same mslant, let an- 
other force be applied in the di- 
rection AC, such as would cause the body to move from 
A to c in the same time which the first force would cause 
it to move from a to b; by the joint action of these forces, 
the body will describe the diagonal ad of a parallelo- 
gram *, with an uniform motion, in the same time in 
which it would describe one of the sides ab or AC by one 
of the forces alone. 

For, suppose a tube equal in length to ab (in which a 
small ball can move freely from a to b) to be moved pa- 
rallel to itself from A to c, describing with its two ex- 
tremities the lines AC and bd, so that the ball may move 
in the tube from a to b in the same time that the tube 

has descended to en; it is evident, that when the tube 




* A pBrnllelognun is a faur.sided figure, hiving iu oppoaiK 
pNTalleV wul ccnuqutintly niual. Euci^u. 31 o/* I. 
D S 
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have acquired by falling from a to V (the bdf of a 

the foToe of gravity alone •, it will revoWe round s in « 

circle. 

7. If one body revolve round another [as the earth round 
the sun), so as to vary its distance Jrom the centre of mo- 
tion, the projectile and centripetal forces mast each 6e 
variable, andthepath of the revolving body viili differ _frim 

Thus, if while a £ 

projectile force would G T 

carry a planet from a 
to P, the eun'i attrac- 
tion at s would bring 
it from A to H, the gra- 
vitating power would ^ 
be too great for the 
projectile force ; the 
planet, therefore, in- 
stead of proceeding : 
in the circle abc (as 
in the preceding ar- 
ticle) wnuld describe 
the curve Ao, and ap- 
proach nearer to the 
sun ; so being less 
than SA. Now, as the centripetal force, or gravitating 
power, always increases as the square of the planetTi 
dietance from the sun diminishesf , when the planet arrivei 
at o the centripetal force will be increased, which wiD 
likewise increase the velocity of the planet, and accelerBt* 
Its motion from o to v ; so as to cause it to describe the 
arcs OP, po, OR, RD, nT, tv, successively increasing 
in magnitude, in equal portions of time. The motion rf 
the plant't being thus accelerated, it gains such a ceotri- 
fugaJ force, or tendency to fly off at v, in the line vw, fts 




• A body, by the force of gravily alone, falls 16^1^ feel in the fiitt 
Monad of time, and acquirw a vdaiiily which ntll chit; il nnifornh 
dirough i'i'i feet ui <sch succeeding soconU. This ii proved eipcn- 
aiGDEflllj, by writers on Dh'dianics, 

■j- NewtoD's Prindp. Book 11 L Prop. li. 

ov^comes 
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orercames the sun' » attraction; this cenlriiugal or proje0i 
tile force being too great to ^low the plaoei to approach 
oearar the sun than it iB at v, or even to move round the 
■QD in the circle t a b c d. Sic, it flies ofF in the curve 
XKMA, with a velocity decreasing as graduaJly {rant, v to 
A, as if it had returned tlirough the arcs vt, to, dr, 
&C-, to A, with the same velocity which it passed through 
these arci in its motion t'rora a, towards v. At a tlie 
planet will have acquired the same velocity as it had at 
first, and thua by the centrifugal and centripetal forces it 
will continue to move round s. 

Two very natural qnestionii may here 1^ aaked ; du, 
why the action of gravity, if it be too great for the pro- 
jectile force at o, does not draw the planet to the sun 
at b'/ and why the projectile force at v, if it be too 
great for the centripetal force, or gravity, at the same 
point, does not carry the planet farther and farther from 
the sun, tj'JI it is beyond the power of his attraction. 

First. If the projectile force at A were such as to carry 
the planet from A to g, double the distance, in the same 
time that it was carried from A to F, it would require 
four* times as much gravity to retain it in its orbit, viz- 
it must fall through ai in the time that the projectile 
ibrce would carry it from a to g, otherwise it would not 
describe the curve aop. But an increase of gravity givei 
the planet an increase of velocity, and an increase of 
velocity increases the projectile force; therefore, the 
tendency «f the planet to fly off from the curve in a tan- 
gent p m, is greater at p than at o, and greater at o. thas 
M r, and ^o on; hence, while the gravitating power in- 
creaaes, the projectile power increases, so that the planet 
cannot be drawn to the sun. 

Secondly. TTie projectile force is the greatest at, or 
■tear, the point v, and the gravitating power is likewise 
the greatest at that point. For if as be double of vs, 
Ihe centfjpetal force at v will be four times as great as 
at A, being as the square of the distance from the sun. 
dfythe projectile force at v be double of what it was 



S8 OF THE glOtmE OF TBB BARTH, &C. Parti, 

from the coast, all high towers or mountaina gr^diiBlly 
disappear, and persons on shore may aee the masts of 
the ship after tlie hull is hid by the convexity of the 
water [see Figure III- Plate I.) — If a vessel sail Bortb- 
ward, in north latitude, the people on board may ob- 
serve the polar star gradually to increase in altitad« 
the farther they go : they may likewise observe nem 
■tars continually emerging above the horizon which were 
before imperceptible ; and at tlie same time those stars 
which appear southward will continue to diminish in 
altitude till they become invisible. The contrary phe- 
nomena will happen if the vessel sail southward, henoe 
the earth is Bpherical from north to south, and it tuu 
already been shewn that it is spherical from east to west. 

The arguments already adduced clearly prove the 
rotundity of the earth, though conimoD experience shews 
us that it is not strictly a geometrical sphere : for il£ 
surface is diversified with mountains and valleys : but 
these irregularities no more hinder the earth from being 
reckoned spherical, considering its magnitude, than the 
roughness of an orange hinders it from being esteemed 
round. * 

When philosophical and mathematical knowledge ar- 
rived at a still greater degree of perfection, there seemed 
to be a very sufficient reason for the philosophers of the 
last age to consider the earth not truly spherical, bi« 
rather in the fonn of a spheroid, -f This notion first arote 



* Our largest globea arc in general 18 Indies ft 
diameter of the eartli is about T9G4 miles. Cbiiubor*^ a, one of ihe 
Andes roounloins, Ibe higluot in tlie world, ii about 30608 teet, a 
neirlf 4 milas bigh. The radJUB of die earth is 39tiS miles, nod tint 
of on lij inch globe 9 inches. Now, by the rule of three, 39SS m : 
39S3m.f-4: : 9 in. : 9-009, Aum nhich deduct Ihe radius of the 
•mficial globe, the remainder ■009 = ]-5'^,^j-j-f of an inch, nearly, ii 
the Flevatiini of the Aodes on on I B inch globei nhicb ii less than i 
grain of mmd. Tbe Himalaya mountaitis to the narth of Hindomlwi 
are stated to be neorlj u high aa ChimharafO, the line of perpetual 
congelation being IG,000 feet above Calcutta. 

f A splieraid is a Kgure formed by the reiolution of an el)ip«s about 
Its axis, and an eUiptda is a curve-lined ligure in geDtnetiy, formed bf 
H cylinder obliquely ; but its nature will be mori 
"T Utt leamw, flwaifte ftdtowing dascripti-- 
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iTom obeervalions oa pendulum clocks *, whkh being 
fined to beat seconds in the latitudes oi Paris and Lon- 
don, were (bund lo move slower as tlwy approached tlie 
equator, and at, or near, the equator, ttiey wurc obliged 
to be shortencil about \ of an inch to agree with tbe times 
of the stars passing the meridian. This difference appear- 
ing to Huygetis \ and Sir Isaac Newton, to be a much 
ffreater qumititv than could arise from tbe alteration by 
heat only, they separately discovered that the earth was 
flatter at the poles, t — fiy the revolution of tbe eatth 
onits axis (admitting it to be a sphere) the centrifu^ force 

tAt TH (!n PInle IV. Figure V.) bo the transverse dmineter, or 
longer snig of tbe eltipau, and rn tlie conjugnle dinmeter, or eljorter 
- nis. With tb« diKtaoce td or da in your compasses, and u as a centre, 
ducribe tlie arc Ffi titt pulnts r, f, will be die two foci of tlic ellip«i, 
Ttke a (hrcud of the length uf the traii«vene axis tr, anil fasten its 
ends with pina in e and F, then slrelcli the thread Fif nnd it will reach 
to I in the curve, then bj moving- ■ pencil round with the thread, and 
he^tig It alwayt (tretdied, it will tuce out the eUipsii mo. — If 
[hu ellipsis be mode to rcvoWe on its longer axil th, it will generate 
an (Umg ajihrriaJ, or Ouohi's Kgiue of the earth ; but if it be 5Up- 
poeed to revolve on its iliortet Biis Co, it will forra an oblali gpheraid, 

or Sir Isaai- Newton's figure of the earth The orbits or paths of 

all tbe planets are ellipses, and the sun is dtUBted in one of the Jbci 
-of the eanh's orbit, as will be observed farther on. — The points r, f, 
are called foci, or burning poinl^i ; because, if a ray ai U^lit iBsuing 
from the point r meet (he curve in tlie point i, it will be rcliefted back 
into 4ie focus f. For lines dmwn tVom the two foci of an eliipsis lo 
anj pciat in the curve, raake equal angles with a tangent to the curtu 
■t tint point; and by the laws of optica the angle of incidence is equal 
to the angte of reflection. Robertum's Conic Sections, Book III. 
Scholium to Prop. a. 

• Biilosophical Transactions, No. 386. 

f A celebrated mathematician liorn at the Hague in Holland, in 
1639. 

) The length of a pendulum at the equator, is to flie length of a 
pendulum at the pole, as the axis of the earth, is to the equatorial 
4iam«ter. Ernertan's Math. Geog. Prop. XI. M. Laplace (Eqie- 
|{|i#B rfw Syitfmi: du. MnjuU) has shewn, that if the force of gravity at 
the equator be represented by 1, at (he poles it ^11 be 1-00567 ; and at 
tbclnteniieiKaie laihudes of 30°, 45°, 5B°, and 60°; it wUl be I -00141, 
I-OesSa, 1-00357, and 100423 respectively; and these nurobwa 
win Tipresent the ralioa between the lengtfis of pendulums vihratmg 
jmmidi in these diflerent latitudes. The length of a pcnduhim at the 
.S-06 incbes, at the poles 39'StBl, and in latitudes 30", 45°, 
JStlT^'- - -.— ^-*~- 
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at the equator would be greater than the centrifugal force 
Id the latitude of London or Paris, because a larger circle 
is described by the equator, in the same time ; but as the 
centrifugal force, (or tendency which a body has to re- 
cede from the centre) increases, the action of gravity 
necessarily diminishes : and where the action of gravity la 
Jess, the vibrations of pendulums of equal lengths become 
slower; hence, supposing the earth to be a sphere, we 
have two causes why a pendulum should move slower at 
the equator than at London or Paris, viz, the action, of 
heat which dilates all metals, and the diminution of gra- 
vity. But these two causes combined would not, accord- 
ing to Sir Isaac Newton, produce bo great a difference a» 
^th of an inch in the len^^th of a pendulum, he therefore 
supposed the earth to assume the same figure that a ho- 
mogeneous fluid would acquire by revolving on an axis, 
' i}is. the figure of an oblate spheroid, and found that the 
*' diameter of the eartli at the equator, is to its diameter 
from pole to pole, as 230 to 229." * Notwithstanding 
the deductions of Sir Isaac Newton, on the strictest ma- 
thematical principles, many of the philosophers in France, 
the principal of whom was Cassini f , asserted that the 
earth was an oblong spheroid, the polar diameter beuig 
tlie longer ; and as these different opmions were supposed 

• Motte'slranslution of Newton's Principia, Book lil. Page 243. 
Colling the equsXariat dkimcttr of the eaith TEI64 English mitea, the 
polar diameter will; be 7929. — For S30 ■. 229 i ; 7M4 ; 7929 toiler 
the polar axis. Hence the polar aiis is shorter than tlie equatorial 
diameter by 35 miles, and the earth is higlier at tlic equator Chan ai the 
polea by 1T§ miles, a difibrence imperceptible on the largest globes that 
ore made. — Suppose n globe to be 1 8 invhea in tliameter at the equator,. 
then 330 : 329 : : 18 : I7-|^ the polar diameter : the iliffertnce oTthe 
diameters is .fj[f of an inch, half difference is ^^ of ui inch, the flaU 
ness uf an IS indi globe at esch p<^e, wbidi is less than tlie 23d pait 
of an inch, or not much thicker than the paper and paste, a quontity 
Dot to be discDYcred by the appearance ; and on smaller globes tlie dif- 
ference would be coQuidenibly lens. Hence the leumer should be 
informed, that though the earth be not itridly b globe, it cannot be 
represented by any other figure iffnch will give bo exact ati idea of its 
shape ; and a lecturer who informs his hearers that it is in the sliapo oT 
a turnip or an orange gives a very false idea of its true flgure. 

t Son of the celebrated Italian ostiouoraer ; he was bom at Faru 
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to retard the general progress of science in France, the 
king resolved ihat the afiUir Ehould be determined by 
actual admeasurement at his own eicpence. Accordingly, 
About the year 1735, two companies of the most able ma- 
thematicians of that nation were appointed; the one to 
measure the degree of a meridian as near to the equator 
A9 possible, and the other company to perform a like 
operation as near the pole as could be conveniently 
attempted. The results of these admeasurements con- 
tradicted the assertions of Cassini, and of J. BernouiUi 
(a celebrated mathematician of Basil in Switzerland who 
warmly espoused his cause), and confirmed the calcula>- 
tions of Sir Isaac Newton. — In the year 1756, the Royal 
Academy of Sciences of Paris appointed eight astrono- 
mers to measure the lengtli of a degree between Paris 
and Amiens: the result of their admeasurement gave 
57069 toises for the length of a degree. 

The utility of finding the length of a degree in order 
to determine the magnitude and figure of the earth, may 
be rendered familiar to a learner thus ; suppose I find the 
latitude of London to be 51°^ north, and travel due north 
till I find the latitude of a place to be 52% north, I shall 
then have travelled a degree, and the distance between 
the two places, accurately measured, will be the length 
of a degree : now if the earth be a correct sphere, the 
length of a degree on a meridian, or a great circle, will 
be equal all over the world, af):er proper allowances are 
made for elevated ground, &c. the length of a degree 
multiplied by 360 will give the circurnference of the 
eartli, and hence its diameter, &c. will be easily found ; 
but if the earth be any other figure than that of a sphere, 
the length of a degree on the same meridian will be 
ditferent in dift'erent latitudes, and if the figure of the 
earth resemble an oblate spheroid, the lengths of a degree 
will increase as the latitudes increase. The English trans- 
lation of Maupertuis' figure of the earth, concludes with 
theee words : {see page 163 of the work) " The degree (^ 
*' (Ae meridian wnic/t cuts ike polar circle being longer 
" than a degree of the meridian in France, the earth is a 
" sphetoid Jlalted towards the poles." For, the longer 
a degree is^ the greater must be the circle of which it is 
a^i«it> 
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it part : and the greater the circle ia, the lesg is its cunra- 
ture. 

The first person who measured the length of a degree 
with any appearance of accuracy was Mr. Richard Nor- 
wood, by measuring the distance between London and 
York he found the length of a degree to he 3671 96 English 
feet, or 69i English miles; hence, supposing the earth to 
be a sphere, its circumference will he 250'20 miies, and 
JU diameter 7964* miles ; but if the length of a degree, 
at a medium, be 57069 toises, the circumference of tke 
«arth will be ^873 English miles, its diameter 7917 miles, 
and the length of a degree 69tV miles, f 

Conclusion. Notwithstanding all the adnieasure- 
mentG that have hitherto been made, it has never been 
demonstrated, in a eatisfactory manner, that the earth is 
strictly a spheroid; indeed, from observations made in 
different parts of the earth, it appears that its figure is by 
DO means that of a regular spheroid, nor that of auy other 
icnown regular mathematical figure, and the only certain 
conclusion that can be drawn from the works of the sere- 
lal gentlemen employed to measure the earth, is that 
the earth is something more flat at the poles than at the 
equator. — The course of a ship, considering tiie earth a 
spheroid, is so near to what it would be on a sphere, that 

• J2S0 feet make ■ inilF, therefore S67I96 drvided by 5280 gives 
69i milea iwsrly, wincb multiplied by S60 producei 250'.iO miles, die 
cimuafvreace of dw eartli, but Ihe circumference of i cireU is to iu 
duncler as ^2 ia 7, or tnure nearly bs 355 to 113; bence 355 : 113 
: : S5020 ml1c3: T9€4 miles, tbe diameter of tlie enttli. Again G 
Ji^endi fetl malie 1 toise, tlierefore £7069 Wiaes axe equal to :1434H 
Flench feet ; iMit 107 Freacb feet are equal to 1 14 English feet, bence 
107 F. f. : 114 E, f. :: 3424 P. f. : 361814 English feet, wMcb di- 
vided by SSSO^the feet in > mile, gives 69.09 mile^ the length of a de- 
gree lij the French admeasurement. Or, 342414 multiylied by 380 
jiioducea 123269010 French feet, the circumference of tlic earth, and 
107 ! 114 :; 123269040: 131333369 English feet, equal to 24873174 
miies, the circutnference of the earth, and 355 : 113 i: 24873.74:7917 
miles, the diuneler of (he earth. 

\ The length of a degree in kl. 5P 9' N. ia 364950 feet ^69.12 
English miles. Ttigonometrtcol Survey of England and Wnles, VoL 
XI. Part II. Page 113. Mr. Swanberg, a Swedish fnatbematidan, 
found the length of a degree to be 57196.159 toivea ^ 365^37.782 
J^iiafafeet ^ 69.S47 wHibs, 
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the mariner may safely trust to the rules of globular tail- 
ing*, even though his courae and distance were much 
morecertoin than it is possible for them to be. For which, 
aad similar reasons, mathematiciauB content themselves 
with considering the earth aa a sphere in all practical 
sciences, and hence the artificial globes are made per- 
fectly spherical, as the best representatioo of the figme 
of the earth. 



CfTArxER IV. 



I 



Of the Diurnal and Annual Motion of the Earth. 

The motion of the earth was denied in the early ages 
of the world, yet aa soon as astronomical knowledge be- 
gan to be more attended to, its motion received the aseent 
of the learned, and of such as dared to think differently 
from the multitude, or were not apprehensive of eccleei- 
astical censure. — The astronomers of the last a:id present 
age have produced such a variety of strong and forcible 
arguments in favour of the motion ol' the earth, as must 
effectually gain the assent of every impartial enquirer.— 
Among the many reasons for the motion of the earth, it 
will be sufficient to point out the following. 

I. Of the Diurnal Motion of the Earth. 

The earth is a globe of 7964 miles in diameter, (as has 
been thewn in Chap. III.) and by revolving on its axis 
every 2+t hours from west to east, it causes ao apparefit 
diurnal mation of all the heavenly bodies from east to 
t. — We need only look at the sun, or stars, tobecon- 



NnvigBtion, Book Vll I, Art. 1 43. 

ljm<- from the aun's being on the miiridiui of may 
uiuc of in ittumiDg to tlie same meridian the next d^j 
. (brma a. complete revoluiian on iti utis in S3 boon M 
dtSnitioil SI, tmg,e 14. 
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vinced that either the earth, which is no more than a 
point* when compared with the heavens, revolves on iu 
axis in a certain time, or else the sun, stars, &c. revolve 
round the earth in nearly the same time. Let us suppose 
for instance that the sun revolves round the earth in 24 
iiours, and that the earth has no diurnal motion. — Nowy 
it is a known principle in the laws of motion, that if any 
body revolve round another as its centre, it is necessary 
that the central body be always in the plane in which the 
revolving- body moves, whatever curve it describes']-; 
therefore if the sun move round the earth in a day, itc 
diurnal path must always describe a circle which will di- 
vide the eartli into two eaaal hemispheres. But this never 
happens except on two iiays of the year, vh. at the time 
of tbe equinoxes, when tlie sun rises exactly in the east, 
and sets exactly in the west. For, from the 21st of March 
to the 23d of September the sun rises to the north of the 
east and sets to the north of the west; and from the 23d 
of September to the 2lst of March, it rises to the south at 
the east and sets to the south of the west, and therefore 
its diumaJ patli divides the globe into two unequal parts; 
consequently the sun does not move round the earth. 
To render this more intelligible to a young student, let a 
pin, of some inches in length, be fixed perpendicular up<»i 
an horizontal plane, and observe the shadow that the top 
of it describes on any day of the year ; this shadow will 
always be a curve, except at the time of the equinoxe*, 
hence the earth is never in the sun's apparent diumol 
orbit but then ; for if the top of the pin kept all the time 
in the plane of the sun's apparent diurnal orbit, the 
shadow described would be a straight line j:, because it 
would fall in the intersection of two planes ^ ; therefore 
the sun has no diurnal motion round the earth, conse- 
quently the earth has a diurnal motion on its axi«. 



• Dt. Kelll, I*ct. as. 

f Emerson's Astronomy, p. 11. 

I Emetsoii's Dialling, Prop. II. p. 9Ui. 

i II is demoDBtniWd in Evclid, Prop. IU. Book XL, and in SeuA't 
Geometry, Prop. Ill, Book IS,, that if two planes intersetl each 
oiJier, their couunoQ scctiua is n atrught line, 
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It ia no argument against the earth's diurnal motion 
that we do not feel it; a person in tlie cabin of a ship, 
on smooth water, cannot perceive the ship's motion when 
it turns gently and uniformly round *; neither doee the 
motion of the earth cause bodies to fall from its sur&ce ; 
for all bodies of whatever matter they are composed, are 
drawn to the earth by the power of its central attraction-f-; 
which, laying hold of them according to tlieir densities, 
or quantities of matter, without regard to their magnitudes, 
constitutes what we call weight. 

The pheenomena of the apparent diurnal motion of the 
BUn may be explaiiied by the motion of the earth ; thus, 
let IFGH {Plate I. Jig. V.) represent the earth, 



wards c (viz. from west to east). Suppose a spectator to 
be at I, the sun, which is at an immense distance, and en- 
lightens half the globe at once, will appear to be rising. 
As tlie earth moves round, the spectator is carried to- 
wards p, and the sun seems to increase in height, when he 
has arrived at f, the sun is at the highest. As the earth 

towards g, and the altitude of the sun keeps continually 
iliminishing ; when he has arrived at g, the sun is setting. 
During the time the spectator has been carried from i to 
G, tlie sun has appeared to move the contrary way. 
Hence it is evident that while the spectator is carried 
through the illuminated half of the earth, it is day-light; 
at the middle point f, it is noon ; also while he is carried 
through the dark hemisphere, it is night ; and at h it is 
midnight. Thus the vicissitude of day and night evi- 
dently appears by the rotation of the earth about its axis; 
what has been said of the sun is equally applicable to the 
moon, or any star placed at s ; therefore ail the celestial 
bodies seem to rise and set by turns, according to their 
various situations. The spectator at i, f, g, ii, will al- 
ways have his feet towards the centre of the earth, and 
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die fiky above his head, whatever position the earth may 
have ; agreeably to the lawa of gravitation or attraction. 
Thus an inhabitant at a will be the most powerfully at- 
tracted towards his antipodes b, because there is the- 
sreatest mass of earth uuder his feet in that directioB ; 
for the same reason 6 will be the most attracted towards 
a, m towards n, and a towards m, &c. ; hence it appean 
tbat every body on the surface of the earth is attracted 
towards its centre, or rather towards the antipodes of tbat 
body, for the whole earth is the attracting mass, and not 
some unknown substance placed in the centre of the 
earth. There is no such thing as an upper and uodtt 
aide of the earth : suppose a to he an inhabitant of Kan- 
kin in China, b will be an inhabitant of South Americ* 
near Buenos Ayres, each having the earth under fail 
ieet and the sky above his head; also if n be an inhabit- 
ant a little east of Quito in South America, on ike equator, 
m will be an inhabitant upon the equator in the island of 
Sumatra, and in the course of 12 hours n will have the 
same position as m, by the revolution of the earth. 

2. Of the Anntt-il Motion of*h<s F.nHh, 

The diurnal revolution of the earth on its axis being 
proved, the annual motion round the sun will be readilj 
admitted ; for, either the earth moves round the sun in ^ 

{'ear, or else the sun moves round the earth : now, by the 
aws of centripetal force, if two bodies revolve about eact> 
other, they revolve round their common centre of gra- 
vity*; and it is evident, that if the two bodies be of equal 
magnitude and density, the centre of gravity will be equi- 
distant from each body ; but, if they be of difFerent maf^ 
nitudea, the centre of gravity will he nearest to the larger 
body ; if the earth, therefore, remain in the same situ- 
ation while the sun revolves round it, its magnitude muit 
be much greater than that of the sun ; for it is contrary 
to the laws of nature for a heavy body to revolve rounds 



B line jDining tbar cenlres, the; would reft in 
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light one as its centre of motion : but front observations 
on the dimensions* and distances of the sun and planets, 
it appears that the suii so greatly exceeds, not only the 
earth, but the planets, in magnitude, that the common 
centre of gravity of the whole is almost constantly within 
the body of the sun, so that the sun's motion round the 
common centre of gravity of the earth and the planets is 
not perceptible by ordinary observera. Not only the 
earth, therefore, but the planets, move round the sun. 

It ia also evident that the motion of the earth in its 
orbit ia from west to east, for if the sun be observed to 
rise with any fixed star which is near the ecliptic, it will, 
in the course of a few days, appear to the eastward of that 
■tar. And in the period of a year it will arrive at the 
same Gtar again. 

The earth Is computed to he 95 miUions of miles from 
the sunf, and pertbrms its revolution round him, de- 
scribing 



■ The iippsreDt diuneten of the planets are found by a Tiucroinetir, 

(My be measured by D:exn« of Uie prujertion of his image into a dark 
tODiD, Itiniiigh a irin-uJir iip»rtiirp. From lliese apparent diometerj, 
tad the reapective distances from tbe Earth, the real diajnelers of the 
ton and pbnels may be determined. 

t la Itat/ IV. Fig. VL. let □ be the centre of the earth, r the pIsM 
•fan abnrTertm itssurl^e, and b the sun or a planet in tlie heavens: 
now, lo an obaBvcr st o, tlu tan would appear at a, and to an 
' ebMTver at F il would appear al b ; tile arc o ^ or the angle a a 6, 
•bicb ia aqual to the angle no, io called tbe lioriiontal parallax, 
Mr. Short, in vol. SS. part ii. of the Phila«a]diical Tmnsactiam, has 
<tH«rTDinHl the lioriionlsl parailia of the sun to be B"-S5, at its mean 
diitane* from the earth. Hence, by trigonometry, 

Logantboiical sine of 8"-ej, or angle no - 5'fidlgl40 
I« to on* semi-diamelcr of the earth po - 0-0000000 

A> radiui, line of 90 degrees, or sine of ors 10«000000 
Is to S388fi'84«!nii-diBiiieler!t - - 4-^7S0S«0 

N(7W if we take the diameter of the earth T9T0 miles, as Mr. Short 
ba done, the scmi-diemeter ii9S.'> multiphed by 93883-84 givss 
B5tT9117 miles, the dislance of tiw eartli tirom the Eun: if Che dia- 
oicttrof iha eartli be taken 7i)6'i miles, the distance will be 9S10146B 
"■J ir It be taken 7917 mites {see the chapter of tbe Figure of the 
th) d»4wtance will be 9*5*032S miles. In a east ofiuch imcer- 
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scribing an elliptical orbit or path*, in 365 days 5 hours 
48 minutes and 48 seconds, from any equinox or solstice 
to the same again ; it travels at the rate of upwards of 
68,000 miles per hour, f Besides this motion which is 
common to every inhabitant of the eartli, the inhabitants 
at the equator are carried 1042 % miles every hour by the 
diurnal revolution of the earth on its axis, while those ia 
the parallel of London are carried only about 644 miles 
per hour. The axis of the earth makes an angle of 23" 
28' with a perpendicular to the plane of its orbit, and 
keeps always the same oblique direction throughout its 
aumal course § ; hence it follows that, during one part 
of its course, the north pole is turned towards the sun, 
and, during another part of its course, the south pole ii 
turned towards it in the same proportion ; which is the 



tointy, where a very onall error in the paroUuc will produce ta 
astoiiiiiliing dificrence in the concluiian of the process, oiid when 
error in the diameter of the earth will al3a aSbct the operation, 
nsy rest content widi estimHling the distance of the earth from Ibt 
tan at 95 millions of miles. Mr. Waodhimie, in bis Astronomy, 
pajte =IR4, ralriilain Iho aiin'o hnriinnlnl [.umlliiT tn hp ^"'701?, ml 
at page SS4, where he bos given the dx^Mnces of the pUneU from ths 
sun according to Laplaix, be stales the distance nf the e^irth traia dw 
Bun to be 937S6900 miles. 

• The idea that the earth moved in an elliptical orbit iras 
conceived hy Kepler, an cminenl Gcnnan astronomer, and dec 
stratcd by Sir Isaac Newton. See tlie IMncrpia, Book III. Prop. liS. 

f The earth's distance from the sun is 95 miUious of miles. Sit 
mean diameter of iu orhit is therefore 1 90 millions of miles, auc' ' 
circumference of a circle is three times the diameter and ane-se* 
more; or the circumference is tn the diameter as 355 to 119 i 
iwariy; hence 113 : SS5 : : 190,000,000! 591)902654, the circuD 
ence of the orbit; but this circumference is described in 365 
5 hours 48 minutes 4B seconds, or 365 days S hours nearly, or 8TH 
hours; hence 8766 h. : 596902654 m, : i 1 h. : 68092 miles p«rl 
the inliabilanls of the earth are carried by its annual revolution. 

\ These distances ore found by multiplying (ha number of mita 
contained in b degree in any parallel of latitude by 15; thus Ac 
circumference of tl>e earth at the equator is 360° x 69^^ m., 
in the latitude of London it is equal to 360 n 42'95, and 24 
360°><G9f : : I li, ; 1043^ m.ior 1 : l5x6Qii i I : 104S}m. 

§ Tills is nut strictly true, though the variation, called the nuU . 
of the earth's axis, is scarcely perceptible in two or three yeaia. XiSIt 
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cause of the different seasons, as spring, summer, autumn, 
and wioter. The orbit of ihe earth being elliptical, the 
earth must at some times approach nearer to the sun 
than at others, and will of course take more time in 
moving through one part of its path than through another* 
Astronomers have observed that the earth is more rapid 
in the winter half of its orbit than in the summer, bjabout 
seven days [iee the note to the 6lh Geographical Theorem, 
p. ta) ; but although in the winter we are nearer to the 
Bun than in the summer, yet in that season it seems far- 
thest from us, and the weather is more cold and incle- 
ment ; the simple account of which phenomenon is, that 
the sun's rays falling more perpendicularly on ua in sum-> 
mer, augment the heat of the weather; so, bein^ trans- 
mitted more obliquely on our parallel of latitude during 
the winter, the cold is mcreased and rendered more intenee. 
The heat in the torrid zone does not arise from those parts 
of the earth being nearer to the sun, but from the rays of 
the sun falling perpendicular upon, and darting immedi- 
ately through the atmosphere. It might likewise be ex> 
pected that, as we are less distant from the sun in the winter 
than in the summer, it would appear larger; but the dif- 
ference of situation is so small as to make no sensible 
alteration in the sun's apparent magnitude. 

The sun is not supposed to be fixed in the centre of 
the earth's elliptical orbit, but in one of the foci. Let s 
represent the sun {Plate II. Fig. 5.) and acfbde the 
elliptical orbit of the earth. Then a is called the Perihe- 
lion, or lower apsis, being the earth's nearest distance 
from the sun ; b is called the Aphelion, or higlier apsis, 
being the greatest distance of the earth from the sun, and 
ac the distance between the sun (in the focus) and the 
centre, is called the eccentricity of the earth's orbit. If 
from the centre c, there be erected upon the axis ab the 
perpendicular CE meeting the orbit in e, and the line se 
he drawn, it will represent the mean distance of the earth 
from the sun, being equal to half the axis ab *, conse- 
quently BE is 95 millions of miles. 

all ,, 

jugate aua of an elliiiais to the dKUi i 
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Though the motion of the earth in its orbit be not uni- 
form, yet it is regulated by a certain immutable law, irom 
which it never ileviuteK ; which is, that a line drawn from 
iJie centre of the sun to the centre of the earth, being 
carried about with an mgular motion, describes an elli^ 
ticai area proportional to the time in which that area u 
described *, viz. if the times in which the earth moves 
from A to E, from e to d, and from d to b, be equal, then 
the areas, or spaces, age, esd, and dsb, will all be equal. 
The motion of the earth is sometimes quicker tmd aomje* 
times slower in moving through equal parts of its orbit: 
for, when the eartli is at a (in the winter) the sun attract! 
it more strongly, and therefore the motion is quicker than 
any where else ; likewise, when it is at b (in the summer) 
it is least affected by the sun's attraction, and conse- 
quently the motion there is slower than in any other part 
of its orbit, for the power of gravity decreases as the 
square of the distance increases f ; besides it is obviowt, 
fiom the construction of the figure, that, if the space ak 
be described in the same time witli the space bsd, the 
arc ae will be greater than the arc bd. 

The phtenomena of the different seasons of the year 
will appear plainly from the following observations. Let 
ABCD {Plate lU. Fig. 1.) represent the plane of the earth'8 
annual orbit, having the sun iu tJie focus f ; and let a b, 
an imaginary line passing through the ceutre of the eartl^ 
be perpendicular to this plane; and let the axis ns of 
the earth make an anele of 23° 28' with this perpm- 
dicular ; then il' the earth move in the direction a, b, c. Si 
in such a manner that ss may always remain parallel U 
itself, and preserve the same angle with a 6, it KuU 
point out the seasons of the year ; for, suppose a liae to 
be drawn from the centre of the smi to the centre of iIk 
earth, it is evident that the sun will be vertical to that 
part of the earth which is cut by this line. No^ 
when the earth is in Libra £i, the sun will appear to Jit 



w WBS discovereJ by Kciilcr, and deir 
3. See the Prindpia, Brxric III. Prop 
■s Principin, Bo.* III. Prop.ii. 
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in Aries T. die dayii and nights will be equal In both 
hemiephcres, and tlie season a medium between Gunimer 
and winter; the linedividlng the dark and light heniifapheFee 
pasaeE through the two poles n iind s, and cunaequeotly 
dirides all the parallels of latitude, as fr, into two equal 
parte : hence the inliabitaats of the whole face of the 
eartJi have their days and nights equal, viz. twelve houra 
each. While the earth moves from Libra ^ to Capd- 
corn W, the north pole n will become more and more en- 
lightened, and the south pole s will be eradually involved 
in darkness, consequently the day^ in the northern hemi- 
sphere will continue to increase m length, and in the 
southern hemisphere they will decrease m the same pro- 
portion, all the parallels of latitude being unequally di- 
wided. When the earth has arrived at Capricorn Vf, the 
sun will appear to be in Cancer E , it will be summer to 
llie inliabitunts of the northern hemisphere, and winter to 
those in the southern ; the inhabitants at tlie north pole, 
and within the arctic circle, will have constant day, and 
those at the south pole, and within the antarutic circle, 
will have constant niglit. Whiie the earth moves from 
Capricorn W to Aries T, the south pole will become 
more and more enlightened ; consequently the days in 
the Routhsrn 'hemisphere will increase in length, and in 
the northern hemispliere they will decrease. When the . 
earth luu) arrived at Aries T, the sun will appear to be in 
Libra ^, and the days and nights will again be equal all 
over the surface of the earth. Again, as the earth moves 
from Aries T towards Cancer ffi, the light will gradually 
leave the north pole, and proceed to the south : when the 

, earth has arrived at Cancer S, it will be summer to the 
inhabitants in the southern hemisphere, and winter to 
those in the northern : the inhabilants of the south pole 
(if any) will have continual day, those at the north pole 
constant night. Lastly, while the earlli moves from Can- 
cer S to Capricorn Vf , the sun will appear to move trom 
Cayrivom VT to Cancer S, and the days in the northern 
hfiniisphere will be increasing, while those in the soathern 
will be dimmiahing in length ; and while tlie earth moves 
firon Capricorn W to Cancer s, the sun will appear to 
move ftom Cancer S to Capricorn Vf, the days in the 

I . northern 
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nokhem henusphere will then be decreaamg, and those 
in the southern hemisphere increasing. In all sttuatioas 
of the earth, the equator will be divided into two equal 
parts, consequently the days and nights at the equator are 
always equal. Thus the difierent seasons are clearly 
accounted for, by the inclination of the axis of the earth 
to the plane of its orbit *, combined with the parallel 
motion of that axis. 



^ 



5 Origin (if Springs and Rivers, and of the Saltnas 
of the Sea. 

Various opinions have been held by ancient as well u 
modern philosopliers, respecting the origin of springs ani 



* In addition to Chcsc obM'rvatioDa, the author fartber illu^rtnlM 
the seasons of Ibe year bj an orrery ; and sometimea by a brau win 
supported on two staoda of diflerent heights, t-orrespondent to ibe 
diameter of the wire circle, and the obliquity of the ecliptic ; u io 
Ferguson's Astronomy, chap. i. But, as this last method does not 
so clearly ahew the ohliquj^ of the aiis of the earth to the planesf 
its oilnt: take a board of any convcnieot dimen«ons, su{^oae tvo 
feet Bcrois, on which describe a circle, or an ellipsis difieriiig lifda 
from a circle, draw a diatnetcr oro (Plate III. Fig. 1.) aod parallel to 
llua diameter let aevera! lines r / be drawn, then bore scleral holv 
peiTiondicularly down in the points e, e, &c. of the circumfb-ence of 
the circle ; take two pieces of wire crossing each other in an ODgle </ 
53° aa' ; as a g, and « /, of which a g the perpendicular wire i" ' 
longer, and connect them by a straight wire ef; then placing b i 
globe on the point ti, and a light in (lie centre of (he circle, of 
same height as the centre of the little globe ; let the point 
the longer wire be fiied succesuvely in the holes e e, tec. id na 
drcumference of the circlB, lo that (he base ef of the wire may TNt 
on the lines ef in (he plane of the earth's orbit, the seasons of At 
year nil) be agreeably and accurately illustralvd. If the little glub* 
2ie placed upon the point □, instead of the point n, and the uiw 
method be observed in moving (he wires round (he orbit, there will i* 
-no diversity of seasons. Tlie diurnal revolution of the enrlh may bt 
n by moring the globe round the wire n ^ as an axis, with du 
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rivers; but the true cuuse is now pretty well ascertained. 
It is well known that the heat of the aun draws vast quan- 
tities of vapour from the sea, which being carried by the 
wind lo all parts of the globe, and being converted by the 
cold into rain and dew, it falls dows upon the earth ; part 
of it runs down into the lower places, forming rivulets; 
part serves for the purposes of vegetation, and the re?t 
descends into hollow caverns within the earth, which 
breitking out by the sides of the hills forms little springs ; 
many of these springs running into the valleys increase 
the brooks or rivulets, and several of these meeting to- 
gether make a river. 

Dr. Halley • says, the vapours that are raised copiously 
from the sea, and carried by the winds to the ridges of 
mountains, are conveyed to their tops by the current of 
air ; where the water being presently precipitated, enters 
the crannies of the mountains, dowa which it glides into 
the caverns, till it meets with a stratum of earth or stone, 
ofa nature sufficiently solid to sustain it. When this re- 
«rvoir is filled, the superfluous water, following the direc- 
tion of the stratum, runs over at the lowest place, and in 
its pasiittge meets perhaps with other little streams, which 
have a similar origin ; these gradually descend till they 
meet with an aperture at the side, or foot of the mouu- 
tain, through which they escape, and form a spring, or the 
tource of a brook or rivulet. Several brooks or rivulets, 
uniting iheir streams, form small rivers, and these again 
l»cing joined by other small rivers, and united in one coni- 
uion cliannel, form such streams as the Rhine, Rhone, 
Danube, &c. 

Several springs yield always the same quantity of water, 
equally when the least rain or vapour is aiTorded, as when 
rsm falls in the greatest quantities ; and as the fall of rain, 
cBoiv, &c. is inconstant or variable, we have here a con- 
■t&iit eifect produced froni an inconstant cause, which is 
an unphiicisophical conclusion. Some naturalists, there- 
^ fore, nuve recourse to the sea, and derive the origin of 
|S aeveral springs immediately from thence, by supposing a 

Fl • iiiiiowpijic 
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HubtcrraneouB circulation of percolated waters from the 
fountains of ihe deep. 

That the sun exliales as umch vapour as is sufficient 
far rain, is past dispute, having been several times proved 
by actual experimenls, Dr. HalJey* determined by expe- 
riment and calculation f, tliat in a summer's day, there 
may be raised in vapours fiom the Mediterranean 5280 
millions of tuns of water, and yet the Mediterranean does 
not receive from all its rivers above 182T millions of tuns 
in a day, which is little more ihan a third part of what is 
exhausted by vapours J; and from the river Tliames, 
twenty millions three hundred thousand tmis may be 
raised in one day in a similar manner. — In the Old Con- 
tinent, there arc about 430 rivers which fall directly into 
the ocean, or into tlie Mediterranean and Black Seas, and 
in the New Continent, scarcely 180 rivers are known, 
which fall directly into the sea ; but in this nunjber, only 
the greater rivers are comprehended. ^ All these rivers 
carry to the sea a great ijuantitj of mineral and saline 
particles, which they wash from the different soils throueh 
which they pass, and the particles of salt, wliich are easHj 
dissolved, are conveyed to the sea by tlie water. Dr. 
Halley imagines that the saltness of the sea proceeds from 
the salts of die earth only, which rivers convey thither, 
and that it was originally fresh. So that its saltness will 
continue to increase ; for, the vapours which are exhaled 
from the seas are entirely fresh, or devoid of saline par- 
ticles. Others imagine that there is a great number of 
rocks of salt at the bottom of the sea, and from these 
rocks it acquires its saltness. Some writers, again, have 
imagined that the sea was created salt that it might not 
corrupt ; but it may well be supposed that the sea is pre- 
hcrved from corruption by the agitations of the wind, and 



f Fbilosopliical TrBiiiaclioaii, No. 

f As cvnpontion cannot tarry olFlixed salts, itnouJd appear th*ti( 
ItjE above i^akiilBCion be stvurBle, Ihe Meditemiaean would be more 
aijt than (he ocbhii, but it must be remembered Uiat n cunent ««t» 
Lonstanlty out of tlie Atlantic Ucean into llic NitlilerrBncan. 

S Buffon'a Naluial Histoij. 

19 {r90L 
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from the Aux and reflux of the tide, as much as by the 
salt it contains; for, when sea-water is kept in a barrel, it 
corrupts in a few days. The Honourable Mr.Boyle* re- 
lates that a mariner, becalmed for thirteen days, found at 
the end of that time, the sea so infected, that if the calm 
had continued the greatest part of his people on board 
would have perished, — The sea is nearly equally salt 
throughout, under the equinoctial line aad at tlie Cape of 
Good Hope, though there are some places on the Mo- 
zambique coitst where it is Salter than elsewhere. It is 
also asserted that it is not quite so salt under the arctic 
circle as in some other latitudesf; this probably may pro- 
ceed from the great quantity of snow, and the great rivers 
which fall into those seas : to which we may add, that the 
sun does not draw such quantities of fresh water, or va- 
pours, from those seas as in hot countries. 

It is wortliy of remark that all lakes from which rivera 
derive their origin, or which fall into the course of rivers, 
are not saline ^ ; and almost ail those, on the contrary, 
which receive rivers, without other rivers issuing from 
them, are saline : this seems to favour Dr. Halley's 
opinion respecting the saltness of the sea ; for evaporation 
cannot carry off fixed sails, and consequently those salts 
which rivers carry into the sea remain there. It is as- 
serted § to be the peculiar property of sea-water, that 
when it is absolutely salt it never freezes ; and that the 
islandi or rocks of ice which float in the sea near the 
jioleBi are originally frozen in the rivers, and carried 
thancc to the sua by the tide ; where they continue to 
accumulate by the great quantities of snow and sleet 
which fall in those seas. According to this opinion, great 

SUBntities of ice can be produced only fro:n great quanti- 
«» of fresh water, or from large rivers, and as large 

• A joun^r »o.i of tlie Earl of Corl:, and one of !lie roost telt- 
bnud pliiUnoplicrs in Europe, barn at Li^mui^', in the county of 
W«wrftird, ie^G-7, Senilis trratise on llieSaUness of the Sea, pub- 
li*hedinl6T4. 

t In • Syilem af Chrmiilry, '17 Dr. TAumlnn, cif Edinburgh, Vol. !v. 
Jourlh (dilion, pajjt HI, it is stnleci, Ihot tlie octan contains inral sail 
hctwctn 10" and 30' soulti latiludt-, and iLal llie ycoporliou of suit ii 
(he 1ea« In latitude 51^ north. 

. History, Ctutii. II. 
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rirers can only flow from large tracts of land, it would 
appear that there must be immense tracts of land near 
the south pole, for the Antarctic Ocean abounds with 
fields or mountains of ice, as well as the Arctic Ocean ; 
but our circumnavigators have traversed the Southern 
Ocean to upwards of seventy degrees south latitude, 
without discovering any land.* With respect to the 
freezing of salt water, we have . several instances of the 
Baltic f and other seas being frozen over, when the ice 
on the surface could never proceed from rivers. It is 
true that the sailors frequently take large pieces of the 
rocks of ice, and thaw them for the use of the ship's com^ 
pany, and always find the water fresh ; but it does not 
follow from this that the ice is formed in the rivers. As 
fresh water only is extracted from sea-water by tlie heat 
of the sun, and carried into the atmosphere : may not the 
fresh, without the saline particles of sea-water, be con- 
verted into ice by extreme cold ? 



Chapter VI. 

Of the Flux and Rejiuxqf the Tides, 

A TIDE is that motion of the water in the seas and 
rivers, by which they are found to rise and fall in a regu- 



♦ Mr. William Smith, master of the brig Williams, of Blythe, Nor- 
thumberland, in a voyage from Buenos Ayres to Valparaiso, in Chili, 
in order more easily to weatlier Cape Horn, steered an unusual 
southerly course, and on the 19th of February 18X9, lat. 62° 17' & 
long. 60^ 1 2' W. discovered land : he aftennards ascertained ithe ex- 
istence of the coast for the distance of 250 miles. An account of this 
discovery, with plates of the appearance of the land, &c. may be seen 
in the Edinburgh Philosophical Journal, Vol. III. October 1820, 
page 367. This newly-discovered land is called New South Shetland* 
' f The Baltic Sea is not so salt as the ocean, and the proportion of 
salt is increased by a west wind, and still more by a north- west wind : 
a proof that not only the saltness of the Baltic is derived from the 
ocean, but that storms have a much greater effect upon tlie waters of 
the ocean than has been supposed. Dr. ThomiorCs Chemistri/, Tol.'iv. 
page 141. — The Baltic Sea has little or no tides, asd a current runs 
constantly through the Sound into the Cattcgate sea. 

lar 
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lar succession ; and this flowing and ebbing is caused by 
the attraction of the sun and moon,* 

Suppose the earth to be entirely covered by a fluid as 
A, a, z, c, D, «, N. {Piale III. Figure 2.) and the action 
of the Bun and moon to have no effect upon it, then it is 
erident that all the particles, being equally attracted to- 
wards the centre o of the earth, wouid form an exact 
spherical surface ; except, that by the revolution of the 
earth on its axis n' s', the attraction from b towards o, 
and from q towards o would be a little diioiuished by ttie 
centrif\igal force. Let the moon at m now exert her in- 
fluence upon the water ; then because the power of at- 
traction ditninishes as the square of the distance increases, 
those parts will be the most attracted which are the 
nearest to the moon, and their tendency towards o will 
be diminished: the waters at z, b, and c, will therefore 
rise, and at z, which is neareat to the moon, they will be 
the iiighesti but when the waters in the zenith z are 
elevated, those in the nadir n are likewise elevated in a 
Bimilor manuer ; this is known from experience, for we 
have high water when the moon is in our nadir, as well aa 
when she is in our zenith ; we therefore conclude that, 
when the moon is in our zenith, our antipodes have high 
water : the truth of this, aa well as every other phieno- 
mena respecting the tides, will be discussed in the follow- 
ing theorems. 

Tbkohem I, I The parts qf the earth directly under the 
moon, or where the moon is in the Zenith as at z (Plate 
in. Figure 3.); and those places which are diametrically 
opposite to thejhrmer, or under the Nadir as at s, will 
have high water at the same time. 
Because the power of gravity decreases as the square 

of die distance mcrea-ies ; the waters at a, b, z, c, b, on 

" lliii wo* known to the ancients ! Pliny eipresaly mys that tlie 

•XWB, and lliat tlicy alu tiie in proportion tu llie pruiimily of thu 
moon to the e»rlh. Dr. Htillim'B Matli. Ditliunary, word Tides. 

t A thtotvm is a propUHtion wliich sJniitB of proof, or domooitia- 
rton, fron ileflnilimiB cietiij undentoud, and f>om tlie known geneTBl 
IvuptTlKs of tlie nubjccl under Mmsidcntioa. 
X S 
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the side of the earth next the moon m, will be more at- 
tracted by the moon than the central parts o of the 
earth, and the central parts will be more attracted than 
the surface n on the opposite side of the earth ; therefore 
the distance between the centre of the earth and the 
surface of the water, under the zenitli and nadir, will be 
increased. For, let three bodies z, o, and n, be equally 
attracted by m ; then it is evident they will all move 
equally fast towards m, and their mutual distances from 
each other will continue the same ; but if the bodies be 
unequally attracted by m, that body which is the most 
attracted will move the fastest, and its distance from the 
other bodies will be increased. Now, by the law of gra- 
TitatloB, M will attract z more strongly than it does o, by 
which the distance between z and o will be increaseo. 
In like manner o being more strongly attracted than s, 
the distance between o and n will be increased ; suppose 
now a number of bodies, A, b, 2, c, d, f, n, £, placed 
round o, to be attracted by m, the parts z and u will have 
their distances from o increased ; while the parts a and 
D. being nearly at the same distance from m as o is, will 
not recede from each other, but will rather approach 
nearer to o by the oblique attraction of m. Hence if 
the whole earth were composed of bodies similar to a, b, 
z, c, d, r, N, E, and to be similarly attracted by m, the 
section of the earth, formed by a plane passing through 
the moon and the earth's centre, would be a figure re- 
sembling an ellipsis, having its longer axis zji directed 
towards the moon ; and its Sorter avis au in the horison. 
Tlie figure of the earth therefore would be an oblong 
spheroid having its longer axis directed to the moon, 
consequently it will be high water in the zenith and na- 
dir at the same time; and as the earth turns round its 
axis from the moon to the moon again in about 2i hours 
and 48 minutes, there will be two tides of flood and two 
of ebb in that time, agreeably to experience- 
According to the foregoing explanation of the ehbh» 
and flowing of the sea, every part of the earth is gra\^ 
tating towards the moon ; but as the earth revolves round 
the sun, every part of it gravitates towards the sun like- 
wise; it may be asked how is this possible at the time of 

m 
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full moon, when the moon is at m and the sun at a ; haa 
the earth a tendency to fall contrary ways at the same 
lirae? 'niia is a very natural question, but it must be 
considered that it ia not the centre of the earth that de- 
scribes the annual orbit round the sun, but the common 
centre of gravity of the earth and moon together; and 
that whilst the earth is moving round the sun, it also de- 
scribes a circle round that centre of gravity, about which 
it revolves as many times as the moon revolves round the 
earth in a year. • The earth is therefore constantly fall- 
ing towards the moon, from a tangent to the circle which 
it describes round the common centre of gravity of the 
earth anil moon. Let u represent the moon {Plate III. 
Figure 4.), Tw a part of the moon's orbit, and as the 
eiaXh is supposed to contain about forty times the quantity 
of matter which is contained in the moon, the common 
centre of gravity from the centre of the earth towards the 
moon wiU be considerably less than the earth's diameterf , 
let this common centre of gravity be represented by c. 
Tlien whilst tlie moon goes round her orbit, the centre of 
the earth describes the circle doe round c, to which cir- 



• Ferguran's Astronomy, artide S9B. 

t The common centre of gravity of two bodies ia found thus ; aa 
the •um of the wuiglits, or qiuintitieii of matter iu the two bodies U to 
Ibeir ditianci' from each other, so is tbe neight of (he leas body 10 
Ihr diitaiice of [be greater from the centre of gravity. Now if the 
(juuilily of matter in the moon be represented by 1, Ihat in the 
artb by 40, and tbe distaaee of the eartb from the moon be esti- 
nulal at ii-tO.OOO milu, then 40 + 1 : iMO.DOO : : 1 : ^853 milei, tbe 
duMuco ol the centre of Ibe earth from the common centre of gravity. 
Mr. A. Wallier, in tlie lltli let-turc of bis Familiu Philosophy, iiC- 
genioiuly accounts for its being high-water in the cenith and nadir at 
tile, name lime, in the following manner. " The parts of the eanh 
•• thai are lortliest from the moon, will hare a swiflcr motion round 
" the centre of gravity tlian tbe other parts ; thu> ihe side h will 
" deicribe Ihe tircle ii v v, wliile tbe side ni will only describe the 
" Miall drele m r i, round tbe centre of gravity c. Now, as every 
" liaag In uiodon always enileavours to go forward in a straight line, 
" Ibe water at n having a tendency to go off Id the line n q, will In a 
" degnit overcoma tliu powi'r of gravity, and swell into a heap ur 
" pnKiibcnnce, la represented iu the figure, and occon-iun a tide oppo- 
'< iJMIti lliat rau^ud by Hie uitroction of tbcmoun." 

14 cle 
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clc o a ie & tangent : therefore when the moon hae gone 
from M to a little past w, the earth has moved from o to 
r; and in that time has fallen towards the moon from the 
tangent at a to e. This fignre h drawn for the new moon, 
but the earth will tend towards the moon in the Efune 
manner during its whole revolution round c. 

Theorem II. 7'hose parts nf the earth where the moon 
appears in the horizon, or 90 degrees distant /mm the 
Zenith and Nadir, as at a and d (Plate HI. Figure 3.) 
'will have ebb or iovi water. 

For, as the waters under the zenith and nadir rise at the 
lanie time, the waters in their neiglibourhood will presE 
towards those places to maintain the ecjuilibrium ; and to 
supply the place of these waters, others will move the 
same way, nnd so on to places of 90 degrees distance 
from the zenith and nadir ; consequenliy at a and n 
where the moon appears in the horizon, the waters will 
have more liberty to descend towards the centre of the 
earth; and therefore in those pieces they will be the 
lowest. Hence it plainly appears, that the ocean, if it 
covered the whole surface of the earth, would be a sphe- 
roid (as was observed in the foregoing theorem) the 
longer diameter as zn passing through the place where 
the moon is vertical, and the shorter diameter ae ad 
passing through the rational horizon of that place. And 
as the moon apparently • shifts her position from east to 
west in going round the earth every day, the longer dia- 
meter of the spheroid following her motion will occasiou 
the two floods and ebhs in about 24 hours and 48 mi- 
nutes -f-, the time which any meridian of the earth takes 



■ I1ie ml motion of llie muun is from Ilic vest (oirBrds tba «ast; 
for if she be uvn nc«T any fixed fitar on any nigbt, div will be bccp 
■bout 1 S degrees to Iltc esHward of that Mar Ihe acit nigbt, and » 
on. The moon goo round ber orbit from anv 6ied alar lo ibe tuat 
■gain in bIhiuI 27 liaya B bour>. Hence S7 i. 8 li. ; 3C0'^ ; : 1 d. : 
]3° 10* 14" .6 Ibe mean motion of (lie moon in 24 houn, 

t The mean molion of the moon in 24 liouni M 13" 10* 14" .6, md 
tbv mraii epporcnl motion of the eun in Ibe lame litne U 5S' tf .B 
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in revolving from the moon to the moon agaii 
time elapsed (at a raedimn) between the passage of the 
moon over the meridian of any place, to her return to the 
same meridian. 

The meridian altitude of the moon at any place is her 
greatest height above the horizon at that place, hence 
the greater the moon's meridian altitude is, the greater 
the tides will be; for they io crease from the horizon d 
to the point z under the zenith, and the greater the 
moon's meridian depression is below the horizon, the 
greater the tides will be ; for they increase from the hori- 
aon a towards k the point below the nadir, and conse- 
quently as the tides increatie from d to v, the tides in 
their antipodes will increase from a to z. 

Theorem UL The time of high water is not prccieelu at 
the time of the moon's coming to the meridian, bvt about 
an hour after. 

For, the moon acts with some force after she has passed 
the meridian, and by that means adds to the libratory or 
waving motion, which the waters had acquired whilst ^hc 
was on the meridian. 

TtiBOReM rV. The tides are greater than ordinary tivire 
every month : vix. at the time of new and full moon, and 
that are called Spbimg-tid£S. (Plate lU. Figure III.) 

For at these times the actions of both the sun and 
moon concur to draw in the same straight line smzon, 
and therefore the sea must be more elevated. In on- 
janction, or at tlie new moon when the sun is at s and llie 
JHoon at u both on the same side of the earth, their joint 
forces conspire to raise the water in tlie zenith at z, anil 
consequently (according to ITieorem I.) at s the nadir 



I'.r-t (At nale to drfinilion Gl. page 14.) ihe lODon's ni' 
t'J irC*-4 twitirr than Ihe appnreiit motian of Uit 
"liich, rvckuning 4 minuUs lo a dej^e, ainounu U 
irconjft of linii 
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liJiewise '. When the sun and moon are in opposition, 
or at the full mooa when the sun is at s and the moon at 
m, the earth being between them ; while the sun raises 
the water at z under the zenith and at s under the nadir, 
the moon raises the water at n under the nadir and at z 
under the zenith. 



• Mr. Walker savs (Lecture It til), UiBt at new moon " The tuD'l 
" influence a added to tbst of the nuiun, and tjie centre of ffniity e 
•' {PtaK III. Figure 4.) will, therefore, be removed farther from tba 
" earth Ifian mc, and of course, increase the centrifugal tendency of 
'* the tide n \ hence lioth tlie attracted and centrifugaf tidea arc ^pring- 

" tides, at that time." ■■ But spring-tides take pUice at the full M 

" well as at ihe chnnge of the raoon. Kow it lias hwn preiniseil, dial 
" if we had no moon, the sun would agitate the ocean in a sjb»X\ de- 
** gree and make tivQ tides every twenty..four hourrs tlu>ugh upon * 
" small scale. The moon's centrifugal tide at i {Plate III. Figurt 3.) 
" being incresied by the sun's Httraclion at », will make the proCu- 
" bcrance a spring-tide ; and the luii'i cmlrifugal tide at u wiU be re. 
" inforced by the moon's attraction at nr, and make tlie protuberance 
" K a s|jriiig-tidc ; so tpring-tides take place at iliu full as trail as 

"change of the moon," Suppose the muon to be taken awajr 

( Plate III. Fi^re 4. ) tlie common centre of gravity of the earth and 
Ihe suQ would fall cntirel}' triUua the body of die sun, routid wlueh 
Uie earth revolves in a year, at the rate of about a degree in a day ; 
hence tlie ftavt n of ike earth tkrtliest Irom the sun would liave a littk 
more tendency to receie from the centre of motion s, than ibe parta m 
which are tlie nearest. So that if the sun were on the meridian of any 
place it would be higli water at lliat place by the lun's attraction, and 
it would at tlie same lime be high water at tbe antipodes of tliat place 
by the centrifugal tendency oFii; consequently as tlie earlli revol*eson 
its axis ttom noon to noon in 24 hours, there would be two tide* of 
flobd nnd two of ebb during that time. If the line m c be increand 
wlien the mom is in conjunction with tbe sun, so as la cause the point 
H to describe a larger drcle llutn n r v, and also the point m to ileserilM 
a hirger circle than mr s round the centre of gravity c i when the an 
is in opposilinn to the moon, the line m c will be diminished, r «ill 
therefore describe a smaller circle than n vv, and m will descriliem 
smaller circle Ihnn tan. Hence it appears tint Ihe centrifugal t«n> 
dency of n in greater at tlic new moon than it is at tbe full moon, uid 
ot U likewise more stnmglj attracted at the »aine time ; tlie spring-tides' 
al the time of conjundian would tliereforu be considerably greater Ibta 
at Ihe time of oppoailjiin, ware not the muon's cenlriCiigRl tide at Itait 
time attracted 1^ the sun, and tlie suit's centrifugal tide aJde<l id tfwt 
caused bj tlie inooti's attrtction. 

Thbohbu 
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Theorem V. The tides are less than ordiaarif twie^M 

month i that is, about the time of the jirst and Inst 

quarters of the moon, and these are calleti Neap-tidks. 

(Plate Hi. Figure 3.) 

Because in the quadratures, or when the moon is 90 
degrees from the sun, the sun acts in the direction bd 
and elevates the water at d and a ; and the moon acting 
in the direction mz or inN elevates the water at z and n : 
so that the sun raises the water wliere the moon depresses 
it, and depresses the water where the moon raises it ; 
consequently the tides are formed only by the difference 
between the attractive force of the sun and moon. — The 
waters at z and n will be more elevated than the waters 
at D and a, because the moon's attractive force is four * 
times that of the sun. 

Theorem VT, The spring-tides do not happen exactly on 
the day of the change or full moon, nor the neap-tides 
exactli/ on the dai/s of the quarters, but a day or two 
ajlcraiards. 

When the attractions of the sun and moon have con- 
spired together for a considerable time, the motion im- 
pressed on the waters will be retained for some time afler 



• Sir luuc Newton, Cor. 3. Prop. XXXVII. Book III, Princip. 
malccB the rorce o! the moan to tint uf tJie sun, in rusiD); the waters of 
ilie oagma, h 4.4815 to 1 : and in Carol. 1. of tlic «iune proposition be 
colculalci the height of ilic lolar tide lu lie 2 feet inch j, the lunar 
■ide 9 feet 1 inch j-, and by their joint attractiun II feetSincbea; wbeil 
■be Dtaun i* in Perigee tlie joint forces of tlie sun and moon will raise 
tbe tidu upwudii of 13i feet— Sir Isaac Neirton's mesnini are in 
French f«et In Hx Principia. I lia.ve turned them into Engliaii feet. 

Kr. EtatraoD, inliis Fluiions, Section III. Prab. 35. cidculueslhe 
graiMdheightoftbe wlar tide tobc 1. 63 feet, the lunar tide T.S8 feel, 
■irul \tj Ihvir )cHDt allraBtlon 8.91 leet, inukiag the force of the aun la 
iliU of tlie moon as 1 to4.4S15. 

1)t. HuTKly, the lute bisho|i of St. Asaph, estimalea the force of tlie 
noon lo dial of the sun ai S.OVt[t to 1. Sec hja edition ot llw Prin- 
dpia. lib. 3. Sect. 3. Prop. XXXVI. and XXXVII. 

Ut. Walker, in Lect. 11th of his Familiar Pliilonophy, state* the 
influence of the •lun to be to the influence of the moon to luiw itn 
itMKt, as 3 1» to 10, and Oieir jwnl force 13, 

k6 - their 
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iheir attractive forces cease, and coDsequently the tide 
will continue to rise. In lilte manner at the quarters, 
the tide will be the lowest when tlie moon's atlrartion has 
been lessened by the sun's for several days toj^ether. — If 
the action of the sun and moon were suddenly to ceate, 
the tides would continue their course for sonie timSf 
as the waves of the sea continue to be agitated after a 
stonn. 

TKeohbm Vir. JV/ten the moon is neareH to the earth, or 
in Perigee, the tides increase more than in similar cir- 
cumstances at other times. 

For the power of attraction increases as the square of 
the distance of the moon from the earth decreases ; con- 
sequently the moon must attract nioEt when she is nearest 
to the earth. 

Theorem VIII. The spring-tides are greater a short time 
before the vernal equinox, and after the aatttmnal equi- 
nox, vis:, about the latter end of March and September, 
than at any other time of the year. (Plate III. Fig. III.) 
Because the sun and moon will then act upon the 
equator in the direction ays, consequently the sphertu- 
dal figure of the tides will then revolve round its longer 
aiis, and describe a greater circle than at any other tune 
of the year ; and as this great circle is described in the 
same lime that a less circle is described, the waters will 
be thrown more forcibly against the shoies in the former 
circumstances than in the latter. 

Theorem IX. Lnke$ ni-e not suijecl to tides ; and staall 
inland seas, such as the Mediterranean and Baltic, art 
little subject to tides. In very high latitudes north or 
south the tides are also inconstderaolc. 

The lakes are so small, that when the moon is vertical 
ihe attracts every part of them alike. The Mediterra- 
nean and Baltic seas have very small elevations, because 
the inlets by which they communicate with the ocean are 
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SO narrow, that they cannot, i^ 
or discharge enough to raise o 
siblj-. 



1 



Theorem X. The lime of the tides happening in parlicu' 
lar places, and lUewise their height, may be ven/ differ' 
ent according to the situation of ihue places. 

For the motion of tlie tides is propagated swifter in the 
open §ea, and slower through narrow channels or shallow 
pliices ; and being retarded by such impedimenCti the tides 
cannot rise so high. 



General Observations, 

"Hie new and full moon spring-tides rise to difTcreni 
beighu. 

The nioming tides difFer generally in their rise from the 
evenins tides. 

In wmter the morning tides are highest. 

In summer the evening tides are highest. 

The tides follow, or flow towards the course of the 
mmm, when they meet with no impediment. Thus the 
tide on the coast of Norway flows to the south [towards 
the course of the moon] ; from the North-cape in Norway 
to the Naze at the entrance of the Scaggerac, or Catte* 
gate Sea, where it meets with the current which seta 
conxtantly out of the Baltic sea, and consequently pre- 
vents any tide rising in the Scaggerac. The tide pro- 
L'eods to the southward, along the east coast of Great 
Brittun, supplying the ports successivelv with high water, 
beginning first on the eoast of Scotland. 'Dius it is high 
water at Tynemouth Bar at the time of new and full 
moon, about three hours after the time of high water at 
Aberdeen; it is high water at Spum-head about two 
hours after the time of high water at Tynemouth Bar ; in 
nn hour more it runs down the Humber, and makes high 
water at Kingston upon Hull ; it is about three hours 
running from Spurn4iead to Yarmouth Koad^ one hour 

. moiling from Yarmouth Road to Yarmouth Pier ; 
15 2J ho«^_ 
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24 hours running from Yftrniouth Road to Harwich, Ij 
hour in passing I'rom Harwich to the Nore, from whence 
it proceeds uji the Thames to Graveseud and London. 
From the Nore, the tide continues to flow southward 
to the Downs and Godwin Sands, between the north, 
and south Forelrand in Kent, where it meets the tide 
frhi'ch flows out of the English Channel through the Strait 
of Dover. 

While the tide, or high water, is thus gliding to the 
southward along the eastern coast of Great Dritaini it 
also set! to the southward along the western coasts of 
Scotland and Ireland ; but, on account of the obstruc- 
tions it meets with by the Western Islands of Scotland, 
and the narrow passage between the north-east of Ireland 
and the south-west of Scotland, the tide in the Irish 
Sea comes round by the south of Ireland through St. 
George's Channel, and runs in a north-east direction till 
it meets the tide between Scotland and Ireland at the 
north-west part of the Isle of Man. This may be natu- 
rally inferred from its being high water at NVaterford 
above three hours before it is high water at Dublin, and 
it is high water at Dundalk Bay and the Isle of Man 
nearly at the same time. That the tide coutinues its 
course southward may be inferred from its being high 
water at Ushant, opposite to Brest in Trance, about on 
hour after the time of high water at Cape Clear, on the 
southern coast of Ireland. Between the Lizard Point in 
Cornwall and the island of Ushant, the tide flows east- 
ward, or east-north-east, up the English Channel, along 
the coasts of England and France, and so on throagn 
the Strait of Dover, till it comes to the Godwin Sands 
or Galloper, where it meets the tide on the eastern 
coast of England, as has been observed before. The 
meeting of these two tides contributes greatly towards 
sending a powerful tide up the river Thames to London; 
and, when the natural course of these two tides has been 
interrupted by a sudden change of the wind, so as to 
accelerate the tide which it had before retarded, and to 
drive back that tide which had before been driven 
forward by the wind, this cause has been known to pro- 
duce 
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■luce twice liigl' water in the course of three or tour 
hours. The above account of the British tides seems to 
contradict ihe general tlieory of the motion of the tides, 
whicli ought always to follow the moon, and flow from 
east to west: but, to allow the tides their full motion, 
the ocean in which they are produced ought to extend 
from east to west at least 90 degrees, or 6255 English 
miles ; because that is the distance between the places 
where the water is the most raised and depressed by 
the moon. Hence it apjiears that it is only in the 
great oceans that the tide can flow regularly from east 
If) west : and hence we aiso see why the tides in the 
Pacific Ocean exceed those in the Atlantic, and why the 
tides in the torrid zone, hetweeo Africa and America, 
though nearly under the moon, do not rise so liigh as 
in the temperate zones nutthward and southward, 
where the ocean is considerably wider. The tides in the 
AtJanltc, in the torrid zone, flow from east to west till 
tliey are stopped by the continent of America; and the 
trade winds likewise continue to blow in that direction. 
Wlien the action of the moon upon the waters has in 
some degree ceased, the force of the trade winds, in a 
great measure prevents their return towards the African 
shores. The waters thus accumulated • in the gulf 
of Mexico, retuni to the Atlantic between the island 
of Cuba, the Balmtna islands, and East Florida, and 
form that remarkable strong current called the gulf of. 
Florida. -Mb 



• To iihcw that an accumulolion of water docs take place in Ihe 
ffulf ur Mviico, a survey nm msile MTOnn Ilie isthmus of Darien, 
wh«a Ihe water on the AiUntic via found lo be fourteen fcit liigher 
U«a tbc truer on llic PaciBc i>iile. AValkvr'^ Familiar I^iiloeopli}, 
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Chapter VII. 

()fthe natural Changes of the Earthy caused hy Mountains f 
Floodsy Volcanoes, and Earthquakes. 

That there have always been mountains from the 
foundation of the world, is as certain as that there hare 
always been rivers, both -from reason and revelation*; 
for they were as necessary before the flood for every 
purpose as they are at present. If the earth were per* 
fecUy level there could be no rivers, for water can flow 
only from a higher to a lower place ; and instead of that 
beautiful variety of hills and valleys, verdant fields, forests, 
&c. which serve to display the goodness* and beneficence 
of the Deity, a dismal sea would cov^r the whole face of 
the earth, and render it at best an habitation for aquatic 
animals only. 

All mountains and high places continually decrease in 
heiffht. Rivers running near mountains undermine and 
wasn a part of them away, and rain falling on their sum- 
mits wasl\es away the loose parts, and saps the founda- 
tions of the solid parts, so that, in course of time they 
tumble down. Thus, old buildings on the tops of moun- 
tains are observed to have their foundations laid bare by 
the gradual washing away of the earth. In plains and 
valleys we find a contrary effect ; the particles of earth 
washed down from the hills, fill up the valleys, and an- 
cient houses built in low places seem to sink. For the 
same reason a quantity of mud, slime, sand, earth, &c. 
which is continually washed down from the higher places 
into the rivers, is carried by the stream, and by degrees 



• Four rivers, or rather four branches of one river, are expressly 
mentioned before the flood, viz. Pbon, Gihon, Hiddekel, and the Eu" 
phrate$* Genesis, chap. ii. And in the 7th chapter of Genesis, at 
the time of the flood, we are told that the fountains of the great deep 
were broken up, tlie windows of heaven were opened, the waters 
prevailed etceedingly upon tlie eartli, and all the high hills and the 
moufUaiM were covered. 

choaks 
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choaks up die mouths of rivers, especially when the soil 
through which they run is of a loose and rich quality. 
Thug, the water of the river Missi*jippi, though wholesome 
and well tasted, is so muddy, that a sediment of two 
inches of slime has been found in a half-pint tumbler of 
it*; this river is choaked up at the mouth tvith the mud, 
trees, &c. which are washed down it by the rapidity of 
the current. 

The highest mountains in the world are the Andes, in 
South America, which extend near 4300 miles in length, 
from tile province of Quito to the strait of Magellan; the 
liighest, called Chimbora^o, is said to be 20608 feet, or 
nearly four miles above the level of the sea : 24O0 feet of 
which, from the summit, are always covered with saow. 
From experiments made with a barometer f on the moun- 
tain Cotopaxi, another part of the Andes, it appeared 
that its suiumit was elevated 6252 yards, or upwards of 
3i miles above the surface of the sea. There is a moun- 
tain in the island of Sumatra, called Ophir by the Eu- 
ropeans, the summit of which is 13842 feet high ; the 
Peak of Teneriffe, in the island of that name, is said to 
be 1 3265 feet or upwards of 2i miles high. Mont Blanc, 
the highest mountain in Europe, is ISSOl feet above the 
level of the sea. These irregularities, although very con- 
siderable with respect to us, are nothing when compared 
with the magnitude of the globe. Thus, if an inch were 
divided into one hundred and eleven parts, the elevation 
of Chimboraco, the hijthest of the Andes, on a globe of 
dghteen inches in diameter, would be represented by 
onet of these parts, 

Hence, the earth, whieh appears to be crossed by the 
enormous height of mountains, and cot by the valleys 



■ Mone'i American Geagrspliy. 

t IW quickulver in b buroniElcr &1U about l-Wnlh of an inch 
tnrjr 311 yud* of height ; to tlwt. >f tf>e iiuickailver descend 3-tenll» 
^ or an inrfi, in accunding > hill, the perpetitlicuUr height of that hill 
wfi «iU bo 96 Twd*. 'fliib method is lialiie W error. Sre the Cauiea 
EuMbaAM lb« Ai:cut«;y of Usiomutrical Eipcrimciits, in tJie Edin- 
^■■n Thlkuoplui'sl IVansaclLook, hy Mr. Pluyfuii ; uUo Iti K.lili's 
^^^^EMUiGti}, fourth vditioii, iwge 97. 
^^^Hw {be QOte (Chap. III. ^e 5B.} of Hie Figure oflhc Envth. 



w>4' 
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anil the great depth of the sco, is nevenhelcBS, with re- 
spect to its magnitude, only very slightly i'urrowed with 
irregularities, so trifling indeed as to cause no difference 
in its figure. 

Having, in some measure, accounted for the descend- 
ing of the earth front the hills, and filling up the valleys, 
stopping the mouths of rivers, &c. which are gradual, 
and much the same in all ages, the more remarkable 
changes may be reduced to two general causes, floods 
and earthquakes. 

The real or fabulous deluges mentioned by the an- 
cients may be reduced to six or seven, and though some 
authors have endeavoured to represent them all as im- 
perfect traditions of the universal deluge recorded in the 
Bacred writings, the Abbe Mann •, from whom the follow- 
ing observations are extracted, does not doubt but that 
they refer to various real and distinct events of the kind. 

1. The submersion of the Atloittis of Plato probably 
was the real subsidence of a great island stretching from 
the Canaries to the Azores, of which those groups of 
small islands are the relics. 

2. The deluge in the time of Cadmus f and Dardanm 
placed by the best chronologlsts in the year before Christ 
1477, is said by Diodorus Siculus to have inundated 
Samothrace, and the Asiatic shores of the Euxine Sea. 

3. The deluge of Peucalion, which the Arundeliin 
marbles t, or the Parian chronicles, flx at 1529 years be> 
fore Christ, overwhelmed Thessaly. 

4. The deluge of Ogyges, placed by Acusilaus in tht 
year answering to 1796 before Christ, laid waste Attlea 



> Vide Nouveaui tdttaaim de rAcBdemie Imprriale et Itojrdcdc 
Sciences el Act Belle-i Lcltrcs, de Bnissels, lomi' premier, 1788. 

^ The ancient names n-liivli occur here mny all he found in LtOk 
priere'a Classical Dicliollar}'. 

i Ancii^nt stonei, whereon ia inicribcd a chroaicle pF Ijie aaft 
Alliens, engTBten in capital letters, in the isUud of Piros, oaH nib 
^cladei, 'IGi vean before Oirist. llie; take their name ftn 
llionuis Evl of Arundel, ivho procured them fVorn the East, Hxl 
were jiresenlBil W the Univeraity of Oiford in the year I GST, hj At 
HoHi Henry Howud, afterwards duke of Norfolk, grandson ti> tbl 
flm collector of tliem. 
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(oeotia. With the poetical and fabuloiu accounts 
acalion's flood are mingled several circumstances of 
liversal deluge ; but the best writers attest the 
y and distinctness, both of the flood of Deucalion 
^ges. 

)iodorus Siculus, afler Manetho, mentions a flood 
inundated all Egypt in the reign of Osiris ; but, in 
ations of this event, are several circumstances re- 
ng the history of Noah*s flood, 
rhe account given by Berosus the Chaldean of an 
sal deluge in ih^ reign of Xisuthnis, evidently re- 
) the same event with the flood of Noah. 
'he Persian Guebres, the Bramins, Chinese, and 
cans, have also their traditions of an universal 
:. The account of the deluge in the Koran has 
emarkable circumstance, that the waters which 
id the earth are repr^ented as proceeding from the 
: over of the cauldron •, or oven, Tannour, within 
wels of the earth ; and that, when the waters lub- 
they were swallowed up again by the earth. 
Abb^ next gives a summary of the Scripture ac- 
of Noah*s flood, and points out very clearly that 
f the waters came from the atmosphere, and part 
nder ground aereeably to the 11th yerse of the 
lapter of Genesis. 

hquakes are another great cause of the changes 
n the earth. From history, we have innumerable 
les of the dreadful and yarious effects of these ter- 
)henomena. Pliny has not only recorded many 
'dinary phenomena whioh happened in his own 
)ut has likewise borrowed many others from the 
;s of more ancient nations. 

L city of the Lacedemonians was destroyed by an 
lake, and its ruins wholly buried by the mountain 
us falling down upon them.t 



A circumstance is mentioned here, because it agreei with Mr. 
irst*s Theory of the Eartli ; he supposes the Bood wu occa^iuiv:^ 
xpanslve force of fire generated at the centre ot \Vft c«x>X^^ 
ay's Natural Historjr, cbap, 79* 
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2. In the books of the Tuscan learning an earthquake | 
is recorded, which happened within Uie territorj of 
Modbna, when L. MartiuB and S. Julius were consult, 
which repeatedly dashed two hills against each other; 
with this conflict all the villages and many cattle were 
destroyed. 

3. The greatest earthquake mentioned in history w» 
that which happened during the reign of Tiberius Ciecar, 
when twelve cities of Asia were laid level in one lugbt.* 

4. The eruption of Vesuvius, in the year 79 1, over- 
whehned the two famous cities of Herculaneum ± v>i 
Pompeii, by a shower of stones, cinders, ashes, sand, fo 
and totally covered them many feet deep, as the peopi* 
were sitting in the theatre. The former of these citiK 
was situated about four miles from the crater, and the )aC> 
ler about six. 

By tlie violence of this eruption, ashes were carried 
over the Mediterranean Sea into Africa, Egypt, and 
Syria ; and at Rome they darkened the aJr on a eudd«ll| 
so as to hide the face of the sun. § 

5. In the year 1533, targe pieces of rock were thrmn 
to the distance of fifteen miles, by the volcano Cotopaxi 
in Peru, y 

6. On the 29th of September 15SS, previous to U 
erruption near Puzzoli, which formed a new mountain of 
three miles in circumference, and upwards of 1200 feet 
perpendicular height, the earth frequently shook, aad 
the plain lying between the lake Averno, mount Barban, 
and the sea, was raised a little ; at the same time the aet, 
which was near the plain, retired two hundred paces &oil 
the Bhore. ^ 



Pliny, diap. B4. 
■^ Flinj lost his life b; Ibis eruption, iniiii too eagra- a curioDt; b 

viewing tlie flames. 

t This city was discoycred in die year 1736, eighty ftet below tin 
lurface of the earth; and tome of the streets of Pompeii, &u, bsn 
>im g been discovered. 

Burnet's Sacred History, p. BS, voL ii. 

Ulloi's Voyage to Peru, vol. i. p. SZ4. 

Sir William Hainilloii's Observations on Vesuvius. 



[ 7. In the year 1538, a subterraneous five burst open 
[ the earth near Puzzoli, and threw such a vast quantity of 
oahes and pumice stones, mixed with water, as covered 
the whole country, and thus formed a new mountain, not 
leas than three miles in circumference, and near a quarter 
of a mile perpendicular height. Some of the ashes of this 
volcano reached the vale of Diana, and some parts of 
Calabria, which are more than one hundred and fifty 
nules from Puzzoli. * 

S. Ill the year 153S, the famous town called St. Eu- 
pbemia, in Calabria Ulterior, situated at the side of the 
oty under the jurisdiction of the knights of Malta, was 
totally swallowed up with all its inhabitants, and iiothi 
speared but a fetid lake in the place of it.f 

9. A mountain in Java, not far from the town of Pai 
cura, in the year 1566, was shattered to pieces by 
lent eruption of glowing sulphur (though it had never 
burnt betbre), whereby ten thousand people perished in 
tlic underland fields. J 

10. In the year 1600, an earthquake happened at 
Arquepa in Peru, accompanied witli an eruption of sand, 
tslies, &c. which continued during the space of twenty 
days, from a volcano brealcing forth : the ashes tailing 
in many places, above a yard thick, and in some places 
more than two, and where least, above a quarter of a yard 
deep, which buried the corn grounds of maize and wheat, 
lite boughs of trees were broken, and the cattle died for 
wtint of pasture ; for the sand and ashes, thus erupted, 
covered the fields ninety miles one way, and one hundred 
and twenty another way. During the eruption, mighty 
thunders and lightnings were heard and seen ninety miles 
tound Arquepa, and it was so dark whilst the showers of 
uhes and sand lasted, that the inhabitants were obliged 
to burn caudles at mid-day. § 



■ Sr Williani Hanullon*) Obsenatioru o: 
■t Dr. Huoke'!! Post. p. 3^^X. 

ITaicniua'a Gcogripby, yoI. i. (i. 150. 
Dr. Hookc's PcMt. p. 304, 
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11. Ott the 16th of June, 1628, there was so terrible 
an earthquake in the island of St. Michael, one of the 
Azores, that the sea near it opened, and in one place 
where it was one hundred and sixty fathoms deep, tnrev i 
up an island; wliich in fifteen days was three leaguei 
long, a league and a half broad, and 360 feet above the 

12. In the year 1631 vast quantities of boiling water 
flowed from the crater of Vesuvius previous to an eruption 
of fire; the violence of the flood swept away several towns 
and villages, and some thousands of inhabitants, f 

13. In the year 1632, rocks were thrown to the disMaci 
of three miles from Vesuvius. J 

14. In the year 1646, many of those vast niountainadie 
Andes ^, were quite swallowed up and lost. || 

15. In the year 1692, a great part of Port Royal In 
Jamaica was sunk by an earthquake, and remains covered 
with water several fathoms deep ; some niountains along 
the rivers were joined together, and a plantation ww 
removed half a wile from the place where it formerljr 
stood. J 

16. On the llth of .January, 1693, a great eardiqiulrir 
happened in Sicily, and chiefly about Catania; the vio- 
lent shaking of the earth threatened the whole island with 
eutire desolation. The earth opened in several places in 
very long clefts, some three or four inches broad, odMil 
like great gulfs. Not less than 59,969 persona were dc^ 
stroyed by the falling of houses in different puts of 
Sicily. '• 

17. In the year 1699, seven hills were sunk by an cMdH j 
quake in the island of Java, near ihu head of the greM 
Uatavian river, and nine more were also sunk near ^ 



■ SirW. HMnUton'sObetivatiomoii VE»uviusand^tn»,p»geUil. 
t Ibid. 

t Badtlain'i Abridg, Phil. Trans. toI. ii. p. -HT- 
S M. Condaraine rejirescnls iliew mouiUnin-i and tlie 
as chsins of volcanoes. See his Tuur Ilirougli Ilnlj, IT55, 
I Dr. Ilouke's Post. p. 30S. 
I Loi«tboni's Abridg. Phil, Trans, vol. ii. [.. 417. 
* Ibid. yiA. ii. p. 408, 409. 

TangvaBf 
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irang river* Between the Batavian and Tangarang 
y the Jand was rent and divided asunder, with great 
more th^n a foot wide. * 

On the 20th of November, 1720, a subterraneous 
irst out of the sea near Tercera, one of the Azores, 
threw up such a vast quantity of stones, Ac. in the 
of thirty days, as formed an island about two 
iS in diameter, and nearly circular. Pk-odigious 
ties of pumice stone, and half-broiled fish, were 
floating on the sea for many leagues round the 

•t 

In the year 1746, Calloa, a considerable garrison 
and sea-port in Peru, containing 5000 inhabitants, 
olently shaken by an earthquake on the 28th of 
<er ; and the people bad no sooner begun to recover 
the terror occasioned by the dreadml convulsion, 
;he sea rolled in upon them in mountainous waves, 
lestroyed the whole town. The elevation of this 
)rdinary tide was such as conveyed ships of 
a over the garrison walls, the towers, and the town, 
own was razed to the ground &nd so completely 
3d with sand, gravel, &c. that not a vestige of it 
ned. J 

Previous to an eruption of Vesuvius, the earth 
les, and subterraneous explosions are heard; the 
Lewise retires from the adjacent shore, till the moun- 
s burst open, then returns with impetuosity and 
ows its usual boundary. These undulations of the 
re not peculiar to Vesuvius ; the earthquake which 
yed Lisbon on the first of November 1755, was 
led by a rumbling noise, which increased to such a 
e as to equal the explosion of the loudest cannon. 
t an hour after these shocks, the sea was observed 
the high grounds to come rushing towards the city 
torrent, though against wind and tide ; it rose forty 
igher than was ever known, and suddenly subsided. 



lOWtborp'sAbridg. PbiL Trans. woL ii. p. 419. 
•ames^s Abndg. FhiL Trans. woL vi. pact ii. p*^ 2(^ 
^bome*8 Relation of Earthquakes. 
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At Rotterdam, the branches or chandeliers in a churcli 
were observed to oscillate like a pendulum ; and we are 
told that it is no uncommon thing to see the surface of the 
earth undulate a^ the waves of the sea at tlic time of these 
dreadful convulsions of nature. • 

21. The last eruption of Vesuvius happened in July 
1794, being the most violent and destructive of any men- 
tioned in history, except those in 79 and 1631. The lava 
covered and toUdly destroyed 5000 acres of rich vineyards 
and cultivated lands ; and overwhehned the town of 
Torre- del-Gre CO 1 the inhabitants, amounting to 18,000, 
fortunately escaped; and the town is now rebuilding on' 
the lava that covers their former habitations. By this 
eruption the top of the mountain fell in, and the moulh 
of Vesuvius is now little short of two miles in circum- 
ference. 

Earthquakes are generally supposed to be caused bj 
nitrous and sulphureous vapours, inclosed in the bowels of 
the earth, which by some accident take fire where there 
is little or no vent. Tlieae vapours may take fire by ftj- 
mentation f, or by the accidental falling of rocks and 
stones in hollow places of the earth, and striking against 
each other. When the matters which form subterraneoiu 
fires ferment, beat, and inflame, the fire makes an ^n 
on every side, and, if it does not find a natural vent, it 
raises the enrth and forms a passage by throwing it im, 
producing a volcano. If the quantity of substances whidi 
takes fire be not considerable, an earthquake may ensne 
without a volcano being formed. The air prmluced and 
rarefied by the subterraneous fire, may also find sniail 
vents by which it may escape, and in this case there will 
only be a shock, without any eruption or volcano. Aeain, 
all mflammabie substances, capable of esplosion, produce, 
by inflammation, a great quantity of air and vapour, and 



• See the Phil, Trans, respecting the earthquake on the ficM nf 
Norember J755, 'ol. ilii. port 1. 

t An equol quantity of sulphur and the filing? of iron (nboul 10 « 

, -.1. « ._„i,~i :„. »„ _i.|, ^ter, and buried in (he ground, will 

n hours, and cause the earth round it (o 
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such dr will necessarily be in a state of very great rare- 
faction : when it is compressed in a small space, like that 
of a cavern, it will not shake the earth immediately above, 
but vili search for passages in order to moke its escape, 
and will proceed through the several interstices between 
the different strata, or through any channel or cavern 
which may afford it a passage. This subterraneous air or 
vapour will produce in its passage a noise and motion 
proportionable to its force and the resistance it meets 
with : these effects will continue till it finds a vent, per< 
haps in the sea, or till it has diminished its force by ex- 
pansion. 

Mr. Whitehurst imagines, that fire and water are the 
principal agents employed in these dreadful operations of 
nature * ; and that the undolatiuns of the sea and the 
earth, and the oacillation of pendulous bodies, are pheno' 
mena which arise from the expansive force of steam, 
generated in the bowels of the earth by means of subter- 
raneous fires ; the force of steiiui being- twenty-eight times 
greaterthan that of gunpowder, via. as 14,000 is to f 500. 

It is evident that there is a great quantity of steam 
generated in the bowels of the earth, especially in the 
ueighbourhood of volcanoes, from the frequent eruptions 
of boiling water and steam, in various parts of the world. 
Dr. Uno Von Troil, in liia letters on Iceland, has re- 
corded many curious instances. " One sees here," 
says he, " within the circumference of half a milei or 
" three English miles, forty or fifty boiling springs 
" together; in some the water is perfectly clear, in 
*• Qtners thick and clayey; in some, where it passes 
" through a fine ochre, it is tinged red as scarlet ; and in 
" others, where it flows over a paler clay, it is white as 
" milk." The water spouts up from some of these 
spring* continually, Irom others only at intervals. Tlie 
aperture through which the water rose in the largest 
spring was nineteen feet in diameter, and the greatest 



■ M. Dolomieu u 
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height to which it threw a column of water was ninety- 
two feet. Previous to this eruption, a subterraneous 
noise was frequently heard, like the explosion of cannon ; 
and several stones, which were thrown into the aperture 
during the eruption, returned with the spouting water. 



Chapter VIII. 

Of the Atmosphere^ Air, Winds, and Hurricanes. 

The earth is surrounded by a thin fluid mass of matter, 
called the atmosphere : this matter gravitates towards 
the earth, revolves with it in its diurnal motion, and goes 
round the sun with it every year. Were it not for the 
atmosphere, which abounds with particles capable jof 
reflecting light in all directions, only that part of the 
heavens would appear bright in which the sun is situ- 
ated*, and the stars and planets would be visible at 
mid-day f ; but, by means of an atmosphere, we enjoy 
the sun's light (reflected from the aerial particles con- 
tained in the atmosphere) for some time before he rises 
and after he sets ; for, on the 21st of June at London, 
the apparent day is 9 m. 16 sec. longer than the astro- 
nomical day. j: This invisible fluid extends to an un- 
known height ; but if, as astronomers generally estimate, 
the sun begins to enlighten the atmosphere in the morn- 
ing when he comes within 18 degrees of the horizon of 



• Dr. Keill, Lect 20. 

fM.de Saussure, when on the top of Mont Blanc, wliich is ele< 
vated 5101 yards above the level of the sea, and where consequently 
the atmof^here must be more rare than ours, says, that the moon shone 
with the brightest splendour in the midst of a sky as black as ebony ; 
while Jupiter, rayed like the sun, rose fVom behind the mountains in 
the east. Append, vol, 74. Monthly Review. 
\ See Xeith*u Trigonometry, fourth edition, page 302. 

any 
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any place, and ceases to enlighten it when he is again 
depressed more than ] 8 degrees below the horizon in the 
evenins, the heiglit of the atmosphere may easily be cat' 
cttlated to be nearly 50 miles.* Notwithatandine this 
great height of the atmosphere, it is seldom sufficiently 
detiGe at two miles high to bear up the clouds ; it becomea 
more thin and rare the higher we ascend. This fluid 
body is extremely light, bein^, at a mean density, 816 
times lighter than water f ; it is likewise very elastic, as 
the least motion excited in it is propagated to a great 
distance : it is invisible, for we ere only sensible of its 
existence from the effects it produces. It is capable of 
being compressed into a much less space than what it 
naturally possesses, though it cannot be congealed or 
fixed as other fluids may ; for no degree of cold has ever 
been able to destroy its fluidity. It is of different density 
in every part upwards from the earth's surface, decreas- 
ing in its weight the higher it rises, and consequently 
muBl also decrease in density. The weight or pressure 
of the atmospliere upon any portion of the earOi's sur- 
face b equal to the weight of a column of mercury which 
will caver the same surface, and whose height is from 
2S to 31 inches: this is proved by experiment on the 
b&rometer, which seldom exceeds the limits above men- 
tioned. Now, if we estimate the diameter of the earth 



• Lelir B {Plate III. Fig- 5. ) "Tfesent the horieon of an observer 
al A ; ■ r a ray of lighl falling upon the atmosphere at r, and maldne 
■a angle a r ■ of 1 8 degrees witli the hoiizan f tfae sua being supposed 
to iMte (hat depression) Uie angle s r a nJll clicn be 162 degrees. 
Front (tin cenlre □ of the earth draw □ r, and it -will be perpendicular 
lo the reSecting pirtielei at r; and, li; the principles of uplics. It will 
likcwine bisTct die angle b r *. In the right angled triangle oat, 
ilic angle ar i " 61°, j, o = 3yS2 miles, the radius of the eartji. 
Hence, by trigonometry, 

Sine of o r A. 81° 9-9346199 

Is to « a, 3982 3-6001013 

As radius, sine of 90> 




Now, irfhnnor^4031-S, there be taken o t = o A 
rmo^ndar r r ^ 49-6 miles is the height of the atmosphere. 
f Dr. Tbomton'i ClicmuUy, tol. iv. page 7. edition of 1810. 
r 2 
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at 7964 * miles, the mean height of the barometer at 
29j inches, and a cubic foot of mercury to weigh 13500 
ouDces avoirdupois, the whole weight of the atmosphere 
will be 115222114.9*201773089 lbs. avoirdupois, audits 
pressure upon a square inch of the earth's surface 
144 lbs. 

The atmosphere is the common receptacle of all the 
effluvia or vapours arising from different bodies, viz. of 
the steam or smoke of things melted or burnt ; of the 
fogs or vapours proceeding from damp, watery places ; 
ofeteams arising from the perspiration of whatever enjoys 
animal or vegetable life, and of their putrescence when 
deprived of it ; also of the efHuvia proceeding from 
sulphureous, nitrous, acid, and alkaline bodies, &c> 
which ascend to greater or less heights according to 
their specific gravity. Hence the difficulty of determin- 
ing the true composition of the atmosphere. Chemical 
writers f , however, have endeavoured to shew that it 
consists chicflif of three distinct elastic fluids, united 
together by chemical affinity; namely, air, vapour or 
water, and carbonic acid gasj;, differing in their pro- 



• The diameler of the earth in inches will be 504599040 ; and Ibe 
diameter with the atmosphere 504599039 inchoa, the difTerence 
between the cubes of these diameters mulliplied by '5236 gim 
S3S971891401Z5^312BT'S564 cubic inches in the atmosphere. Now, 
if 17SS cubic inches weigh 13500 ounces, stbtaledby Dr. ThonnOD, 
page 6. vol. iv. of Ilia Chstoisttj, the weight of the atmosphere will be 
determined as Bbpce. If (he square of the iliameter 504599040 be 
multiplied by 3-1416, the product will give the superficies of the 
earth, = 799914792576284098-55 square inches; and if the we^l 
of the atmosphere be divided by this supcrilcies, the quotient will be 
14-41bs. = 14|lbs. the pressure of lbs ntmospherc on cyery square indi 
of the earth's surface. 'Jlie pressure of the atmusphere □□ a square 
incli of Burbcc, may likewise be found by eiperimcnts made with the 
air-pump, or by weighing a column at mercury whose base is one inch 
■quare, and height 29^ inehe*. 

t Dr. Thomson's Chemistry, page 34. vol. iv. edition of 1810. 

t Gai 15 H term applied by chemists lo all permanently claHic 
fluids, except common air ; and carbimic odd gas is what was for- 
merly called Jixed air, or lucb a» extinguishes Same, and deatroy^ 
animal life. 



Chap.VlU. OF THE ATMOSPHERB, &C. 101 

portions at different times and in different places; but 
the average proportion of each, supposing the whole 
atmosphere to be divided into 100 equal parts, is given by 
Dr. T Tiompson as follows : 
^^~" 9SA air, 

1 vapour or water, 
-A carbonic acid. 

100 

Hence it appears, that the foreign bodies which arc 
mixed or united with the air in the atmosphere are so 
minute in quantity, when compared with it, that they 
liave no very sensible influence on its general properties ; 
wherefore, in describing the mechanical properties of 
the air, in the succeeding parts of this chapter, no 
attention ia paid to its component parts in a chemical point 
of view; but wherever the word azV occurs, common or 
atmospheric air is always meant. It may, however, be 
proper to remark here, that from various ■ experiments ; 
chemists have inferred that if atmospheric air be divided 
into 100 parts, 21 of those parts will be vital air, and 79 
poiionoui ; hence the vital air does not compose one-third 
of the atmosphere. 

Air ia not only the support of animal and vegetabis 
life, but it is the vehicle of sound; and this arises from 
its elasticity: for a body being struck vibrates, and com- 
municates a tremulous motion to the air; this motion 
acta upon the cariilaginous portion of the ear, where 
there afe several eminences and concavities adapted to 
convey it into the auditory pass^e, where it strikes on 



■ Dr. Thomson, vol. iv. p«g« 20. of bis Chemisu?, Buy". " WhoU 
" ctet method i> Employed to abstract oiygcn fWim ur, the roult it 
■' unifonn. Tlwy all indieste that comiaon air coniiiu lery DMrl; of 
" SI parti uToxygea and 79 of uote." 

HI oifgen gas (vii. vital lit). 
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the raembrana tympatii, or drum of the ear, and produces 
the sense of hearing. 

From the fluid state of the atraospherej its great sub- 
tilty and elasticity, it is susceptible of the smallest 
motion that can be excited in it ; hence it is subject to 
the disturbing forces of the moon and the Gun ; and tides 
will be generated in the atmosphere similar to the tides 
in the ocean. By the continual motion of tlie air, noxious 
vapours, which are destructive to health, are in some 
measure dispersed ; so that the air, like the sea, is kept 
from putrefaction by winds and tides. 

Air may be vitiated, by remaining closely pent up in 
any place for a considerable length of time ; and, when 
it has lost its vivifying spirit, it is called damp or fixed 
air, not only because it is filled with humid or moist 
v^ours, but because it deadens fire, extinguishes fiame, 
and destroys life. 

If part of the vivifying spirit of air, in any country, 
begins to putrefy, the inhabitants of that country will 
be subject to aa epidemical disease, which will con- 
tinue until the putrefaction is over : and as the putrefying 
spirit occasions this disease, so, if the diseased bod;r 
contribute towards the putrefying of the air, then the 
disease will not only be epidemical, but pestilential and 
contagious. 

The air will press upon the surfaces of all fluids, with 
any force, without passing through them or entering into 
them; so that the softest bodies sustain this pressure 
without sufi'ering any change in their figure, and the 
most brittle bodies bear it without being broken. Thus 
the weight of the atmosphere presses upon the surbce 
of water, and forces it up into the barrel of a pump. It 
likewise keeps mercury suspended at such a height, 
that its weight is equal to the pressure, and yet it 
never forces itself through the mercury into the vacuum 
above. 

Another property of the air is, that it is expanded by 
heat, and condensed or contracted by cold ; hence the 
fire rarefying the air in the chiomeys, causes it to ascend 
the funnels ; while the air in the room, by the pressure of 
the atmosphere, is forced to supply the vacancy, and 
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rushes into the chimney in a. constant torrent, bearing 
the smoke into the higher regions of the atmosphere. 
Ib large cities, in the winter, where there are many 
tires, people, and animals, the air is considerably more 
rarefied than in the adjoining country ; for which reason, 
continual currents of colder air rush in at all the ex- 
terior streets, bearing up the attenuated and conta- 
minated air above the tops of the bouses and the higliest 
buildings, and supplying their place with air of a tnore 
salubrious quality. The more extensive winds owe their 
origin to the heat of the sun ; this heat acting upon sonte 
part of the air causes it to expand, and become lighter, 
and consequently it must ascend; while the air adjoin- 
ing, which is more dense and heavy, will press forward 
towards the place where it is rarefied. Upon this prin- 
ciple, we can easily account for the trade-winds, which 
blow constantly from east to west about the equator ; 
for when the sun shines perpendicularly on any part 
of the earth, it will heat and rarefy the air in (hat part, 
and cause it to ascend; while the adjacent air will rush 
in to supply its place, and consequently will cause a 
stream or current of air to flow from all parts towards 
that which is the most heated by the sun. But bb tlie 
sun, with respect to the earth, moves from east to west, 
the common course of the air will be from east to west : 
and therefore at or near the equator, where the mean 
heat of the earth is the greatest, tlie wind will blow 
continually from the east ; but on the north side of 
the equator it will decline a little to the north; and, 
on the south side of the equator it will decline to the 
soudi. If the earth were covered with water, the 
motion of the wind would follow the apparent motion 
of the sun, in the same manner as the motion of the 
water would follow the motion of the moon ; but, as the 
regular course of the tides is changed by the obstruc- 
tion of continents, islands, 4c. so the regular course 
of the winds is changed by high inouniains, by the 
declination of the sun towards the north and south, by 
burning sands which retain the solar heat to an incre- 
dible degree, by the falling of great quantities of rain, 
which causes 3 sudden condensation or contraction of 
F i the 
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the air, by exhalations that rise out oftlie earth at certsdii 
limes and places, and from various other causes. Thus, 
according to Dr. Halley, between the 3d and lOtli degree 
of Eouth latitude, the south-east trade-wind continues 
from April to October ; during the rest of the year the 
wind blows from the north-west ; but between Sumatra 
and New Holland this monsoon • biowa from the south 
during oiu- summer tijonths ; it changes about the end of 
September, and continues in the opposite direction till 

Over the whole of the Indian Ocean, to the northward 
of the third degree of Boutli latitude, the nortli-east 
trade-wind blows from October to April, and asouth-west 
wind from April to October, f From Borneo, along tiue 
coast of Malacca, and as far aa China, this monsoon in 
our summer blows nearly from the south, and in the 
winter from north by east. Near the coast of Africa, 
betneea Mosambique and Cape Guardafui, the winds an 
irregular during the whoie year, owing to the different 
monsoons which surround that particular place. Mon- 
soous are likewise regular in the Red Sea ; between 
April and October they blow from the north-west, and 
during the otlier months from the south-east, keepio); 
constantly parallel to the Arabian coast. ■^ 

On the coast of Brazil, between Cape St. Augustins 
and the island of St. Catherine, from September U 
April the wind blows from the east or north-east ; and 
from April to September it blows from the soutli-west: 
so that monsoons are not altogether confined to the Indian 
Ocean. 

On the coast of Africa, from Cape Bujador, opfiosite 
to the Canary Islands, to Cape Verd, the winds are gene- 
rally north-west ; and from hence to the island of St. 



the Malay word na«iii> ulilcb signifies <■ ■ seowu." IroceBt's Vi^igc, 
I»ge95. 

t The- student will fiiti Uiese winila re)irescntcd on AiLiids* globct, 
by WTows having llic liarbfd points flying in the dircetioii of the wind, 
Hs if ihot tmm a bow ; and. h here the winds art (uiiiblr, Iliese ■mjwt 
KEin to be flying jn all dirwliunJ. 

ThoaiaSf 



Chap. VIIl. or the atmosphere, &c. 105 

Thomas, near the equator, ihey blow almoat perpendicu- 
tor to Che shore. 

In all maritime countries of any considerable extent, 
between the tropics, the wind blows during a certain 
number of hours from the sea, and during a certain 
number front the land ; these winds are called sea and 
laud breezes. During the day, the air above the land 
is hotter and more rare than that above the sea; th« 
sea air therefore Hows in upon the land, and supplies the 
place of the rarefied air, which is made to float higher in 
the atmosphere ; as the sun descends, the rarefaction of 
the land air is diminished, and an equilibrium is restored. 
As the night approaches, the denser air of the hills and 
mountains (for where there are no hills, there are no 
■ea and land breezes) falls down upon the plains, and 
pressii^ upon the air of the sea, which has now become 
comparatively lighter than the land air, causes the land 
breeze. 

The Cape of Good Hope is famous for its tempests, 
and the singular cloud which produces them : this cloud 
appears at first only like a small round spot in the sky, 
called by the sailor's the Ox's Eye, and which probably 
appears so miaute from its exceedingly great height. 

In Natolia, a small cloud is often seen, resembling 
that at the Cape of Good Hope, and from this cloud n 
terrible wind * issues, which produces similar effects. In 
the sea between Africa and America, especially at the 
equator and in the neighbouring parts, tempests of this 
kind very ot\en arise, and are generally announced by 
ttNoll black clouds. The first blast which proceeds from 
these clouds is furious, and would sink ships in the open 
sea, if the sailors did not take the precaution to furl their 
■ails. These tempests seem to arise from a sudden rare- 
faction of the air, which produces a kind of vacuum, and 
the cold dense air rushing in to supply the place. 

Hurricanes, which arise from similar causes, have a 
whirling motion which nothing can resist, A calm ge- 
nerally precedes these horrible tempests, and the sea then 

• Thii wiiul teems to be dratribtd by Sf. Paul in tlie avth cliaptiT 
of the Aclt, b/ ihe Dtttnc uf Eurwlydon, _, _ 

appears 
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^pears like a piece of glass ; but, in an instant, the fury 
of the winds raises the waves to an enormous height. 
When from a sudden rarefaction, or any other cause, 
contrary currents of air meet in the same point, a whirl- 
wind is produced. 

The toTce of the wind upon a square foot of surface is 
nearly as the square of the velocity ; that is, if on a 
square board of one foot in surface, exposed to a wind, 
there be a pressure of one pound, another wind, with 
double the velocity, will press the board with a force of 
four pounds, &c. The following table, extracted from the 
Philosophical Transactions, shews the velocity and pres* 
sure of the winds, according to their different appellations. 



Velocity of the wind. 



Miles in 
one hour. 



1 

2 
3 
4f 
5 
10 

20 1 

25 j 

307 

35 1 

40 

45 

50 

60 

80 



} 



100 



Feet in one 
second. 



} 



1-47 

2-93 7 

4-40 ' 

5-87 

7-33 

14-67 

22-00 

29-34 

36-67 

44-01 

51-34 

58-68 

66-01 

73*35 

88-02 

117-36 

146.70 



Perpendicular 
force on one 
square foot in 
pounds avoir- 
dupois. 



Common appellations of 
the winds. 



•005 

•020) 

•044] 

•079 

•123 

•492 

1-107 

1-968 7 

3-075 3 

4-429 f 

6-027 

7-873 

9-963 

12-300 

17^715 

31-490 

49.200 



Hardly perceptible. 
Just perceptible. 

Gentle pleasant wind 

Pleasant brisk gale. 

Very brisk. 

High winds. 

Very high. 

A storm or tempest. 
A great storm. 
A hurricane. 

{A hurricane that 
tears up trees, and 
carries buildings, 
&c. before it. 
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OfVajjours, Fogf and Mists, Clouds, Dew and Hoar Frost, 
Ram, Snavi and Hail, Thunder and Lightning, Falling 
Stars, Ignis Fatuus, Aurora Borealis, and the Rainhom. 

1. Vapours are composed of aqueous or watery pflr- 
tides, separated from the surface of the water or moist 
earth by the action of the sun's heat; whereby they are 
so rarened and separated from each other, as to become 
specifically lighter than the air, and consequently they 
rise and float in the atmosphere. 

2. Fogs and mists. Foga are a collection of vapours 
which chiefly rise froin fenny, moist places, and become 
more visible as the light of the day decreaiies. If theae 
vapours be not dispersed, but unite with those that rise 
from water, as from rivers, lakes, &c. so as to fill the air 
in general, they are called mists. 

3. Clouds are generally supposed to consist of va- 
pours exhaled from the sea and land.* These vapours 
ascend till they are of the same specific gravity as the 
surrounding air; here they coalesce, and "by theit union 
become more dense and weighty. The more thin and 
rare the clouds are, the higher they soar, but their height 



• Dr. TboiiBon, in vol, i/.. of his Chcmisiiy, pBgG79, St ediiion 
nf 1810, says, it is rtmarkalile that, though tlie gfeatesl quantity of 
•spoun exist in the Iowlt struta of tl;e aUnDsphere, cloud:! never lif. 
gin lo form there, biit always at somu considetable height. The Jieat 
of the clouds is.wmetinics preater than that of the surrounding air. 
'llie fonnation of clouds and rain in neither owing (u tlie saturation of 



r tliG diini 



nthet 



in often go«B 01 



without s 



in llie atmo«phen.>. nur puss through it, 
in > «■(« of Tapouri What tlicn liecomcs of the fapour after it enters 
Uw Blmoiphcrc? wimt mnki^s it lay aidde the new form ^liieh it must 
hill iMiiii il. and return af^in la its state of vapoiu'. and fall dawn in 
rainf IW these ijumlions are experimentally answered, Dr. Thoinson 
conrlndM, Ibat die furmatiun of clouds and raia cannot be accurately 
acc ounted fer. 
*is^ r 6 Mldom, 
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Bcldom, if ever, exceeds two niileg. The generality of 
clouds are suspended at the height of about a mile ; 
sometimes, when the clouds are highly electrified, their 
height is not above seven or eight hundred yards. The 
wonderful variety in the colours of the clouds is owing U» 
their particular situation to the sun, and the difTerent re- 
flections of his light. The various figure of the clouds 
probably proceeds from their loose and voluble texture, 
revolving in any form, Eiccording tO' the different force of 
the winds, or from the electricity contained in them. 

T!)e general colour of the sky is blue^ and this is oc- 
ca^ioued by the vapours which are always mixed with air, 
and which have the property of reflectmg the blue rays 
more copiously than any other. ' 

4-, Dew. When ihe earth has been heated in the liay- 
tiiiie by the sun, it will retain that heat for some time 
after the sun has set. The air being a less dense or less 
compact substance, will retain the heat for a less time: 
so that in tlie evening the surface of the earth will be 
wanner than the air about it, and consequently the rar 
pours will continue to rise from the earth ; but, as these 
Tapours come immediately into a cooi air, they will only 
rise to a small height ; as the larefied air in which they 
began to rise becomes condensed, the small particles of 
vapours will be brought nearer together. When many ^f 
these particles are united, they form dew ; and, if thU 
dew freeze, it will produce hoar-frost. 

5. Rain. When the weight of the air is diminished, 
its density will likewise be diminished, and consequently 
the vapours that float in it will be less resisted, and begin 
to fall, and, as they begin to strike upon one another in 
falling, they will uiiite and form small drops. But when 
ihe sninii drops of which a cloud consisted are united 
into such large drops, that no part of the atmosphere is 
sufficiently dense to produce a resistance able to support 
them, they "will then fall to the earth, and constitute what 
we c^l rain. If these drops be formed in the higher 
regions of the atniospl'cre, many of them will be united 
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before they come to the ground, and the drops of rain 
will be very large. • The drops of rain increase so much 
both in bulk and motion, during their descent, that a 
bowl placed on the ground would receive, in a shower of 
roiD, almost twice the quantity of water that a similar 
bowl would receive on a neighbouring high f steeple. 
The mean annual quantity of rain is greatest at the equa- 
tor, and decreases gradually as we approach the poles. 
Thus, at 

Latitude. Depdi of rain. 

X Grenada, West Indies, - 12= ff - 126 inches. 
SLDomingo, CapeSt.Fran9ois 19° 46' - 120 
Calcutta - - - 22° 23' - 81 ^ 

In England ■ 53^ ff ■ S2 ^H 

Petersburg -59' 16' 16 -^^ 

On the contrary, the number of rain^ days is smallettr' 
at the equator, and increases in proportion to the distance 
from it. The number of rainy days is oflen greater in 
winter thtui in summer ; but the quantity of rain is greater 
in Bummea* than in winter. More rain falls in mountainous 
countries than in plains. Among the Andes, it is said 
to rain almost perpetually, while in tl)e plains of Peru 
end in Egypt, it hardly ever rains at all. The mean 
annual quantity of rain for the whole globe is estimated 
by Dr. Thomson at 3i inches in depth; hence maybe 
found the whole quantity of rain that falls in a year upon 
the whole surface of the earth and sea, in tlie same man- 
ner as the number of cubic inches were found in the 
atmosphere, in chapter Vlll. of this work. The same 
author observes that, for every square inch of the earth's 
■uiface, about 4i cubic inches of water is annually evapo- 
twed; so that the average quantity of rain is considerably 
Itaa than the average quantity of water evaporated. 



Or. RuOwrford'H Natunl Pliil(Ho[>liy, tnl. ii. chap. 10. S\g 
observatfans on Ctic general state of electricity in 
beon Tpry accurnte and citoiisiTe, ascribes the ci 
ow, Ac. S;0. to (hB effect of a modcrale electricit 
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6. Snow and hail. Snow consifits of such vapours 
as are frozen while the particles are small ; for, if these 
stick together after they are frozen, the mass that is form- 
ed out of tliem will be of ii loose texture, and form little 
flakes or fleeces, of a white substance, somewhat heavier 
than the air, and therefore will descend in a slow and 
gentle manner through it. Hail, which is a more com- 
pact mass of ii-ozen water, consists of such vapours as are 
united into drops, and are frozen while they are ■ falling! 
7. Thunder and lightnino. It has been already 
observed, that the atmosphere is the common receptacle 
of all the effluvia or vapours, arising from different bodies. 
Now, when the effluvia of sulphureous and nitrous -f bodiet 
meet each other in the air, there will be a strong conflict, 
or fermentation, between them, which will sometimes be 
so great as to produce fire. J Then, if the effluvia be 
combustible, the fire will run from one part to another, 
just as tlie inflammable matter happens to lie. If the la- 
flammable matter be thiu and light, it will rise to the 
upper part of the atmosphere, where it will flash without 
doing any harm; but if it be dense, it ivill lie near tlie 
surface of the earth, where, taking fii'e, it will explode 
willi a surprising force, and by its heat rarefy and drive 
away the air, kill men and cattle, t^plit trees, walls, roclte, 
&c. and be accompanied with terrible claps of thundo*. 
The effects of thunder and lightning are owing to ^he eud> 
den and violent agitation the air is put into, together with 
the force of the explosion. Stones and bricks struck bj 
lightning are often found in a vitrified state. Signior 
Beccaria supposes that some stones in the earth, having 
been struck in this manner, gave rise to the vulgar opinion 
of the thunder-bolt, It is now generally admitted tlial 
lightning and the electrical fluid are the same. ^ 

8, Tim 

• Hutliorfonl'ii Pliilosopliy, ml. ii. chap. 10. 

t Gunpowdtr, the eSl'cts of iriiich are similar In thunder niu) ligbt- 
ning, is compiHed at' ai purls of nitre, one part of nulpliur, and UM 
put of dutfvoal. 

1 PrarL-Bsor Wiolder"* ITiilosophj-. 

S Signior Beccaria, or Turio, obserreiilhattliestnicKpliHrcalKnuMb 
iHO) etcctricit)'; and if h doud which is paailivel; duirged (nt. 
irbicb ha> more than iis natural share of elcctrii'al lluiil) pass oar 
jsOotfter eload which ii negatively charged (rji, wliivli has less Ihui in 
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8. Thb falling stabs, and other fiery meteors, 
which are frenuentiy seen at a conBiderable height in the 
atmosphere, and which have received diStrent names ac- 
cording to the variety of their figure and size, arise from 
(he fennentation of the effluvia of acid and alkaline bodies, 
which float in the atmosphere. When the more subtile 
parts of the effluvia are burnt away, the viscous and earthy 
pacta become too heavy for the air to support, and by 
llieir gravity fall to the earth. 

Tlie disappearance of fiery meteors is frequently aceom- 

Eanled by a loud explosion like a dap oi^ thunder, and 
eavy stony bodies have been observed to fall from them 
to the eartii. Dr. Thomson* has given a table of 36 
showers of stones, with the places where they fell, the 
dates, and the testimonies annexed.-^ 

These stony bodies, when found, are always hot, and 
their size differs from a few ounces to several tons. They 
dre usually round, and always covered with a black crust. 
Wltec brolcen, they appear of an ash-grey colour, and of 
a granular texture like coarse sand-atone. These sub- 
stances are probably concretions actually formed in the 
atmosphere, but in what manner no rational account has 
yet been given. 

9. Of the ignis fatuus, commonly called WUl- 
wilh-a-fVitp, or Jack with a Lantern. Tliia meteor, like 
most others, has not failed to attract the attention of 
philosophical inquirers. Sir Isaac Newton, in his Optical 
Queries, calls it a vapour shining without heat. Various 
accounts of it may be seen in the Philosophical Trans- 
iictjons. X The most probable opinion is, that it consists 



natural than ot eleclricsl fluid), Ihey will attract each ntlier, and a quick 
deprirstiDa of the electrical Buid will take place : the flesh ia tailed 
ligblning, the report Uiunder (tlic cnauing rollings are onlj echoei 
frmn dutBBtdoudOi the water, ttius deprived oT its usual support, talh 
down in Inpfluous torrents. 

• OMmistT7, editianor JHIO, vol iv. pagelQ2. 

+ la tb* flnt volume of (lie E'linburgh Philosophical Jaiinuil 
(ISItl) pigeaitl, &C. it given nil " acrount uf meteurtc titones, momu 
of iron, and »howera of du*!, re-l i*now, and oilier substances, which 
Ikto fUkn ^oai the hemens, jrom tlic carlieit period down to ISIB." 

i Mr. Hajr and Kaiie olhers Hippose it to be a eoUectioti of gtouvuvrmi 
, but Dr. Uerbun fefuted thii opiiiioD. No. 411. 
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of inflammable air •, or oleaginous matter, emitted from 
a. putrefaction and decomposition of vegetable substances, 
in marshy grounds ; which being kindled by some electrii; 
Bpark, or other cause unknown to us, will continue to bum 
ur reflect a kind df tliin flame in the dark, without any 
sensible degree of heat, till the matter which composes 
the vapour is eonsumed. This meteor never appears on 
elevated grounds, because they do not sufficiently abound 
with moisture to produce the inflammable air, which ii 
supposed to issue from bogs and marshy places. It is 
often observed flying by the sides of hedges, or fallowing 
the course of rivers ; the reason of which is obvious, for 
the current of air is greater in these places than else- 
where. These meteors ai'e very common in Italy and b 
Spain. Dr. Shaw \ has described a remarkable ignit 
fatuus, which he saw in the Holy Land, when the atmo- 
sphere was so uncommonly thick and hazy, that the dew 
on the horses' bridles was remarkably ckttnny and unctu- 
ous. This meteor was sometimes globular, then in thv 
form of the flame of a candle, presently ailerwards it 
spread itself so much as to involve the whole conipany in 
a pale harmless light, and then it would contract iteelf 
again, and suddenly disappear ; but, in less than aminute> 
it would become visible as before, and running along from 
one place to another with a swift progressive motion, 
vrould again expand itself, and cover a considerable space 
of ground. 

10. Of the AUHoiLA BOHEALis, or horthsrh 
LIGHTS. There have been various opinions and conjec- 
tures respecting the cause and properties of these extni- 
ordinary phenomena f ; and the most probable opinion it, 
that they arise from exhalations, and are produced by a 



• Inflammable air may be made thus : eibsust a receiver of die »lr- 
pump, let the air run into it tJitough the flame of tJie oil of turpcntisc, 
then remove tlie cover of the receiver, and hold a ligliled candle to Hx 
air, it will lake fire, anil burn quicker or slower according tolbe deaal; 
of die oleaginous vapour. 

I Shaw's Travels, p. 363. 

i PliiloiiophicBl Tranuctioni, No. SOS. Sla SSO. 34T, 34B, 94>. 
961, 352. sua. 365. 3G3. 376. 385. 395. 39S, S99i 409. 4la 418. 431, 
and 433, &c. 

combustiaa 
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couibuslioD of inflamniable air, caused by electricity. — 
Tliis infiaramftble air is geoerated ptirticularly between the 
tropics, by niaiiy natural operations, such as the putre- 
liictioR of animal and vegetable substarices, volcanoes, &c. ; 
and being lighter than any other, Ascends to the upper 
regions of the atmosphere, and, by the motion of the 
earth, is urged towards the poles; lor it has been proved 
by experiments that, whatever is lighter, or swinw on 
a fluid wliich revolves on an axis, is urged towards the 
extreme pomts of that axis": hence these inflammable 
particles continually accumulate at th« poles, and by 
meeting with heterogeneous matter take lire, and cause 
those luminous appearances frequently seen towards the 
polar regions. -j- 

In high latitudes the Aurorse Boreales appear with the 
greatest lustre, and extend over the greater part of the 
hemisphere, varying their colours from all the tints of 
yellow to the most obscure russet.^ In the north-east 
ports of Siberia, Hudson's Bay, &c. they are attended by 
a continued hissing and cracking noise through the air, 
simitar to that produced by fire-works. § 

11. Oe THE HAiNDow. The rainbow is the mort 
beautiful meteor with which we are acquainted : it is never 
seen but in rainy weather, where the sun illuminates the 



• See Mr. Kirwan'a accaunl of the Aurora Borealis, Irish Phil. 
Tnniactlotu Tor 1T88, page TO. 

t We have yerj few acLounts of tlie Aurum Austrnlk, ur Soutberii 
LigliU, owing pcrlwpa la (he want of DbscrvatioiiG in those remote piulB 
uf Out globe, and ■ proper chanoel of informaljon. Captain Cook, in 
tiii Mcood vojrage towards the aouth pole, says: '■ (Febiuary ITtfa 
ITTI}>) Weobaerved sbcautiAii phcaotoeiura inChcheBieiu, coosisEing 
uf long rolumni of clear while light, ihooling up from tlie heavens to 
the ciutwaid, almost to tlie aenith, and grBduaJl; upremling over the. 
trbolt! HHilhera part of the sky. Though these eolumns irere in most 
rcapvcta similar to the Aurora Borealia, yet they seemed to 
Uicnl in being always of n whltiEh colour. The stois wCK 
Iiiil by, and soinetiines faintly to be seen through, the aubstaace of 
UieM Aurora Austiales. 'Ilic iky was generally clear when they ap- 
liearsd, and the air shaip and i-otd, tJie thermometer sUmding at the 
IVDcdng pwnti the sliip being in latitude 5R" south." 
J Dr. Rms' New Cyelopadia, word Aurora Borealia. 

1^ FfaUoM^ihicat Tntnaactians, voL Ixiiv. page SS3. 
J" ■ fldliny 
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falling rain, and when the spectator turns his back U} the 
sun. There are frequently two bows, seen, the interior 
and exterior bow. The loterior bow is the brightest, 
being formed by the rays of light falling on the uj^Xr 
parts of the drops of rain ; for a ray of Ught entering the 
upper part of a drop of rain will, by refraction, be thrown 
upon the inner part of the spherical surface of that drop, 
whence it will be reflected to the lower part of the drop, 
wliere, undergoing a second refraction, it will be bent to- 
wards the eye of the spectator ; hence the rays which ftH 
upon the interior bow come to the eye after two refrac- 
tions and one reflection, and the colours of this bow (itm 
the upper part are red, orange, yellovi, green, blue, indigO, 
and violet. The exterior bow is formed by the rays of 
light falling on the loroer parts of the drops of rain ; nlete 
rays, like the former, undergo two refractions, vix- one 
when they enter the drops, and another when they eme^ 
from the drops to the eye ; but they suffer two or more 
reflections in the interior surface of the drops ; hence t&C 
colours of these rays are not so strong and well defined e 
those in the interior bow, and appear in an inverted ariiSt, 
via. from the under part they are red, orange,^ yeUoa, 
green, blue, indigo, and violet. To illustrate this by Bt- 
periment, suspend a glass globe filled with water in the 
sun-shine, turn your back to tiie sun, and view the globe 
at such a distance that the part of it the farthest from th^ 
Gun may appear of a. full red colour, Chen will the rajs 
which come from the globe to the eye make an angle irf 
42 degrees with the sun's direct rays ; and if the eye re- 
main in the same position, and another person lower the 
glass globe gradually, the orange, yellow, green, &e- 
colours, will appear in succession, as m (he interior bw. 
Again, if the glass globe be elevated, so that the sUt 
nearest to the sun may appear red, the rays which come 
from the globe to the eye will make an angle of aixM 
50 degrees; then, if another person gradually raise 'tfo 
glass globe, while the spectator remains in the same potE- 
tion, the rays will successively change from red to orange 
green, yellow, &c. as in the exterior bow. These obs»r> 
ations being understood, let due {Plate IV. Fig, I.) 
represent a drop of rain belonging to the interior Dow, 
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i ray of light falling on the upper part of the drop at 
Qstead of the ray continuing its airection towards f, 
U be refracted or bent towards n, whence part of it 
»ome will pass through the drop) will be reflecto<l to 
iking the angle of incidence d n k equal to the angle 
lection enk ; instead of continuing its direction from 
ardsy^ it will, by epierging out of the water into the 
)e again refracted to the eve at o. But, as this raj 
hi consists of a pencil * of rays, some of which are 

refrangible f than others, the violet, which is the 

refrangible, will proceed towards b, and the red, 
i is the least refrangible, will proceed towards o. 

if the eye of the spectator be so placed that the raj 
ht falling upon it has been once reflected, and twice 
::ted, so that o e shall make, with the solar ra^ s </, 
L^le s m o of 42^ 2*^, he will see the red ray m the 
tion oem; and if the eye be raised to b, so that b e 
make, with the solar ray s ^, an angle b f s of 40° 17' 
iolet ray will be seen in the direction b c f ; the red 
'ill appear the highest, the violet the lowest, and 
est in order according to their different refranvi- 

as in the interior bow (Fig. 2- Plate IV,); for the 



t 



pencil of rays is a portion of light of a corneal form diverging 
ceding from a point ; or ten^ng to a pcHnt, in which case the 
& said to converge. * 

efiangibility of the nys of light Is their tendency to deviate iWmi 
itural course. Those rays Which deviate the most from their 
course^ in passing out of one medium into another, are said to 
nost refrangible ; and those which deviate the least from their 
course are the least refrangible. Sir Isaac Newton, by experi- 
)und the red rays to be the least refrangible, and the violet raya 
t ; and those rays which are the l«ast refrangible arc likewise 
t reflexible. 

e ane of incidence and refraction of the least refrangible rays 
rater into air, isasSto4, oras 81 to 108 ; and the most re- n 

e, as 81 to 109. £merson*s Optics, p. 92. — The same author, I 

3S7. prob. xxvi. of his Optics, by the method of fluxions or i 

nts, and using the numbere above, finds that the angle which 
argent ray makes with the incident ra^, in the interior bow, is 
ior the red, and 40'^ 1 Y for the violet; and for the exterior bow, < 

igks a^ 50^ 57', and 54° 7'. The investigations arc here 

because they cannot berendered intelligible to w^ ^crcwnck\3!MX. 
itidans. 
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drop of water deBcends from f to e. What has been ob- 
served of one drop of water, will be true in an intinite 
number of drops ; hence the interior bow. is composed of 
a circalar arc, whose breadtli h r e, proportional to the 
difference between the least and most refrangible rays. 

To explain the exterior how. Let cl n d {Plate IV. 
Fig. 1.) represent a drop of rain, sd a ray of light felling 
upon the under part of it at d; instead of this ray con- 
tinuing its direction towards m, it will be refracted to n, 
whence part of it will pass through the drop, and the reft 
will be reflected to f ; at ^ a part of it will again psM 
tlirough the drop, and the remainder will be reflected to 
(: ; then in emerging from the water mto the air, instead 
of continuing the direction cz, it will be refracted from c 
to the eye at o. But as this ray of light, like that in the 
interior bow, consists of a pencil of rays of ditFerent »* 
frangibility, the red, which is the least refrangible, «il 
proceed towards A ; and the violet, which is the nM 
refrangible, will proceed towards o. Now, if the eyti 
the spectator be so placed that the ray of light falling 
upon it has been twice reflected, and twice retracted, u 
that o o shall make with the solar ray s o an angle i 
of S*" T, he wiil see the violet ray in the direction a 
and if the eye be raised to a, go that a o shall make with 
the solar ray s o an angle s o a of 50° 57', the red ray will 
be seen in the direction a cr; tie violet ray will appev 
the highest, and the red ray the lowest, and the restii 
order according to their diflerent refrangibjlity, as in tk 
exterior bow [PlatelV. Fig.2.) for the drop of water 
descends from u to d. The same observations apply tt 
an infinite number of drops, as in the interior bow. 

Hence, if the sun were a point, the breadth of the ex- 
terior bow would be (54^ 7'— 50° 57'= ) S" 10', that of 
the interior bow (42'' 2' — W 17' = ) 1° 45', and the da- 
tance between them (50= 57'- 42° 2'=) 8° 55'; but, b1 
the mean diameter of the sun is about 32' 2", the breadtbl 
of the bows must be increased by this quantity, and th^ 
distances diminished ; the breadth of the exterior bow 
will then be 3''*2', that of the interior bow 2° 17', and 
their distance 8° 23', The greater semi-diameter of the 
interior bow will be (42° 2'+ 16', the sun's aemi-diame- 



ituations be parallel to op, and the angle aroy eaual 
must be always equal to 42^ IS', it is erident that, 
es, F and p will sink ; and when sf makes an angle 
18' with the horizon, of will coincide with OQ» and 
3rior bow will vanish ; hence the interior bow can-> 
seen if the sun's altitude exceed 42^ 18': again, 
point p rises, the point s ¥rill sink, and when op 
les with OQ, SF will be parallel to the horizon, (vtz* 
n will be rising or setting,) and the whole semi- 
er of the rainbow will appear, which is the greatest 
' it that ever can be seen on \ey€i ground ; hence 
'ainbow is the most that can be seen in such a situ- 
but if the observer be on the top of a high moun- 
tch as the Andes, with his back to the sun, and if 
in a valley before him, a whole rainbow may be 
arming a complete circle. The above reasomng is 
' applicable to the outer bow ; hence, as the sun 
tie bows sink, and when his altitude exceeds 42^ 18^, 
terior bow cannot be seen, and, if it exceeds 
+ 16'=) 54^ 23^ the exterior bow cannot be seen. 



PART 11. 

THE ELEMENTARY PRINCIPLES OF ASTRONOMY. 



AITTRONOMY determines the altitudes, distances, mag- 
nitudes, and orbits of the heavenly bodies ; describes 
their various apparent and real motions, their period!* 
cal revolutions, eclipses or occultations, and fumishei 
us with a rational account of the various phenomena of 
the Heavens. 



Chapter I. 
The General Appearance of the Heavens, 

If, on a clear night, we stand facing the south and ob- 
serve the heavens, they will appear to undergo a continual 
change. * Some stars will be seen ascending from the 
east, or rising ; others descending towards the west, or 
setting. In some intermediate point between the east 
and west, each star will reach to its greatest height, or, 
will culminate. The greatest heights of the several stars 
will be different, but these heights will all be attained 
when the stars have arrived at a point exactly half way 
between the east and the west, viz. at the south. 

If we now turn our backs to the south, and observe tlie • 
north,' new phenomena will present themselves. Some 
stars will appear as before, rising, attaining their greatest 
heights, and setting ; other stars will be seen, that neYcr 
set, moving with different degrees of velocity ; and some 
nearly stationary. 



* ExpositioQ du Syst^e du Monde, p, 2. 

The 
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The stars which never set appear to revolve about one 
~ titfular star, and to descrihe circles of greater circura- 
kCCB according to iheir distances from that star. The 
wary star is called the Polar star, and the stars 
It revolve round it at small distances are called the 
mpolar stars. 

The Polar star which appears in the heavens is not 
stationary, ueither is it situated exactly iti the pole, but 
about a degree and three quarters from it * ; that is, 
from a point in which, if a star were situated, it would 
appear perfectly fixed. 

The general appearance) therefore, of the starry 
heavens is Iliat of a vast concave sphere, turning round 
two imaginary fixed points diametrically opposite to eacli 
other, the oue in the north, the other in the south, and 
ihis apparent revolution is performed in ahout 24 hours. 
Almost all the stare in the heavens retain towards each 
other the same relative position, they neither approach 
towards nor recede from each other, and ate therefore 
cai]ed^xed stars. There are, however, other celestial 
bodies, having the appearance of stars, which continually 
change their places ; these are called planets. 

The two celestial bodies of the most interesting appear- 
ance, end which claim our greatest attention, are the sun 
and llie moon. These vary their situations from day to 
day, in the heavens ; sometimes they appear in the same 
|Hiint of the heavens, and at other limes directly opposite 
I tu each other. 

The moon changes her iigure every month, in which 

time she makes a complete tour round the heavens ; and 

1- though she appears to rise and set every day like the stars, 

" ' ,0 move from east to west, yet her apparent motion 

arded, and when compared with any pariicular fixed 

Kshe seems to go backward or towards the east : that 

on any night she be teen in conjunction with a par- 

r fixed i-tar, the next night she will appear about 

^3° to the eastward of that star, the succeeding night 
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at the same hour she will appear 26° to the eastward of 
the star, and so on. 

The commoa phenomena of the rising and setting of 
the stars, and their apparent revolution from east to west, 
are easily accounted for, on the simple hypothesis of the 
earth's revolution on its axis from west to east (See Pari I. 
Chap. IV.) ; but the continual change of place which the 
aun, the moon, and the planets undergo, cannot be ac- 
counted for an the same hypothesis, nor on the supposi- 
tion that the whole heavens revolve from east to west in { 
2* hours. 

The sun, apparently, moves towards the stars, which set 
after him, and from those which set before him : that i>, 
to a spectator in the northern hemisphere, facing the 
south, his apparent motion is from the right hand to tbe 
left. 

The sun's apparent motion from west to east with re- 
spect to the fixed stars, will adequately explain wht 
certain remarkable stars, and groups of stars called coTtsta- 
latmns, are seen in the south at different hours of the ni^ 
during the year. For the hour depends entirely on the 
sun ; it is noon when he is in the south. Stars which are 
directly opposite to him are, therefore, by the rotation of 
the earth on its axis, brought to the meridian at midnifht. 

But the stars which are on the meridian at tweire 
o'clock one night, cannot again be there at the same hour 
on the succeeding night ; for the sun's place being r^ 
moved a little to the east, the stars which were opposite 
to him before are now opposite to a part of the heavens t 
little to the westward of the sun, and therefore they will 
come to the meridian a little before midnight: and, ott 
each succeeding night they will come to the meridian bj 
greater intervals before midnight; so that, in the coutw 
of the year, they are all successively in the south, though 
sometimes they are iovisible on account of their neamew 
to the sun. 

The moon also moves among the stars from the west to- 
wards the east, more rapidly than the sun appears to move: 
the apparent motion of the sun arises from the real motion 
r^the earth in its orbit, which is at the rate of aboiit cw 
degret 
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degree in a day, (see Def. 61, note, page 14.) whereas the 
motion of the moon is about thirteen degrees in a day 
{see the note page 80.) The planets also, if observed on 
successive nights, will appear to change their places 
aatongst the Hxed stars, though when vieived from the 
earth they will not always appear to move towards the 
east, but sometimes towards the west, and at other times, 
for several nights together they will appear stationary. 

The apparent motion towards the west, and the station- 
ary appearance, are merely optical and illusory, arising 
'ttora the combination of the earth's motion with that of 
tlie planet. Viewed from the sun, the motion of the 
planets is always in the same direction, and they never 
appear to be stationary. 

The apparent motion of the sun, and the real motion of 
the moon and the planets from vjcst to east, must be com- 
bined with the diurnal motion of the earth on its axis 
■from west to east, or with the apparent motion of the 
heavens from east to laest. The apparent motion of the 
stars from east to viest is so rapid when compared with the 
real motion of the planets from west to east, that the latter 
motion passes unnoticed by inattentive spectators. 



O/" the Situation of the principal Conslellations, and the 
Manner of distinguishing Ihem/rom each other. 

The stars, with respect to their apparent splendour, 
are divided into different classes, called magnitudes. The 
brightest are called stars of the first magnitude ; the next 
to these in splendour, stars of the second magnitude, 
and so on to tliose which are just perceptible to the 
naked eye, and which are called stars of the sixth magni- 
tude. Those which cannot be (liscerned without the as- 
«i«tance of a telescope, are called Telescopic Stars, and are 
o divided 



122 TO KXOW THE CONSTELLATIONS. Part 11, 

divided into classes of the seventh, eightlij &c, magni' 
tudes. 

Tlie ancients divided tlie stars into diiTerent groups 
called constdlations (see Def.91.), and gave particular 
names to each, which names the greater part of them 
have hitherto retained. The Pleiades and Orion are 
mentioned in the sacred writings by Job, and Homer and 
Hesiod describe several cooBtellations by names whicli 
are now in general use. | 

A knowledge of the principal constellations in the hca- 
vens will be an useful acquisition to the student, and this 
may be obtained by noting the time when they come to 
the meridian, that is, to the south. 

There are few persons who are unacquainted with the 
seven [six] stars called the Pleiades, or tnc beautiful con- 
stellation of OnoTi'* The Pleiades come to the meridian 
of London about an hour before Aldebaranf , and Otiob 
culminates an hour after that star ; and, since the diurnal 
difference of time of a star's culminating is nearly equal 
to the diurnal difference of the sun's right ascenaion, viz. 
about four minutes ; a star will rise, come to the lueridiai^ 
and set, nearly four minutes earlier every day, or about 
two hours in a month. 

The time of culminating of each of the zodiacal con- 
stellations is given in the following table, and likewise the 
Bemi-diumal arc ; by which the time of rismg and sett' 
may be ascertained sufficiently accurate for practice, 
the succeeding description, the principal consteUatioai 
whicli culminate with the zodiacal constellations are 
pointed out, and their relative positions with respect to 
each other are shewn; so that the time of their convi '" 
the meridian may be easily found for any given day it 
year. 

• Tliib constdlBtion is delineateJ, agreenblyto its Bpiifaruice in the 
heavens, in Plate V. 

f The time of dns Star's culmiiinting on lie first day pf evwj 
jumth. in iriTpn in thr^ ftintneinir rflhl.. 
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The constellations and principal stars (visible at London] 
which cuiminaie taith the zodiacal constellalioTii are thejbl' 
lowing, countingjrom the horizon. 

1. Willi Ariea [Arietis). The neck of Cetus, Triangu- 
lum, Alniaac in Andromeda, the head of Perseus, and 
the feet of Cassiopeia. — Mencar in Cetus, Musca, the 
head of Medusa, tlie body of Perseus, and the tail of 
Camelopardalus, culminate three quarters of an hour after 
Arietis. 

2. With Taurus {Aldehnran). Part of Eridanus and 
Camel opardalus — Algenib in Perseus culminates an hour 
and a cjuarter before Aldebaran, the Pleiades three quar- 
ters of an hour before it, Rigel in Orion, and CapeUa in 
Auriga, about half an hour after it. 

3. With Gemini {Castor). Canis Major, Monocerot, 
Canis Minor, and the Ljnx. — Sirius culminates three 
quarters of an hour before Castor, and Procyon about six 
minutes after Castor. 

4. With Cancer [Acubene). The head of Hydra, the 
tail of the Lynx, and the head of the Great Bear; none 
of which are of siifiicieiit importance to attract the stu- 
dent's particular attention. 

5. With Leo (Regvlus). Part of Hydra, Leo Minor, 
and the shoulder of the Bear. The pointers in the Gre«t 
Bear come to the meridian (above the pole) an hour after 

6. With Virgo (Splctt). The middle star in the tail of 
tlie Great Bear. — Coma Berenices and Cor Caroli culmi- 
nate aai hour before Spica; and Arcturus in Bootes about 
ail hour after Spica. 

7. With Libra (a on the ecliptic). The left leg and 
' the head of Boiites. — The head of the serpent, and Corona 

Borealis culminate three quarters of an hour after a in 

8. With Scorpio {Aniares). The left arm of Serpen- 
tarius, and tlie club and body of Hercules. 

9. With Sagittarius (the star in the bow marked i). Scu- 
turn Sobieski, Cerberus in the left hand of Hercules, the 
head and body of Draco, and ihe pole of the ecliptic — 

Veg« 
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Vega ill Lyra culminates a quarter of an hour after S In 

10. With Capricornus {ihe star in the left horn marked 
B). The how of Antiniiua, Vutpecula et Anser, and tlie 
neck and hody of Cygous. — AJtair in the Eagle comes to 
the meridian lialf an hour before ^ Capricornus, and the 
head of the Dolphin a quarter of an hour aflcr it. 

11. With Aquarius {the star in the right shoulder 
marked a). The feet of Pegasus, the Lizai'd, and the 
head of Cepheus. — Fomalhaut, in the Southern Elsh, 
culminates ttiree quarters of an hour after a. Aquarius, 
and Markab and Scheat in Pegasus an hour after it. 

12. With Pisces (the star in the siring marked a). The 
head of Aries, Triangulum, Almaac in Andromeda, the 
§wo[d of Perseus, and the feet of Cassiopeia. — n in the 
bead of Andromeda culminates nearly two hours before 
a in Pisces, and Mirac in Andromeda about an hour 
before it. 

If the student observe the heavens in the month of Ja- 
nuartf, about ten o'clock in the evening, when the stars 
are shining very bright, he will perceive towards tha 
south the Pleiades, already mentioned ; to the lell hand 
of which, and a little lower, are Aldcbaran, of a reddish 
colour, and the Hyades, in the Bull (delineated in 
Plate V.) Three stars in a row form the base of a 
triangle, of which triangle Aldebaran is situated at the 
vertex. Farther to the left hand, and a little higher 
than tlie Pleiades, is the remarkable constellation Au- 
riga, which has exactly the appearance of the figure 
annexed. 
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The highest star towards the left hand is Capella, the stW 
marked ^ and y is situated in the Bull's north horn, and 
also in the right heel of Auriga. 

Imagine a line to be drawn from C^clla through the 
star marked y towards the liorizon, and it will pass 
through the middle of the constellation Orion. This con- 
stellation is delineated in Plate V., and is so brilliant and 
conspicuous in the heavens that its figure when compared 
with the pliite will easily be known. 

The three stars in a row form the Belt, and the large 
star above the Belt towards the left-hand is Betelgeux, S 
star of the first magnitude in Orion's right-shoulder. 
About 26° from Betelgeux, towards tlie left-hand, is Fro- 
cyon, a star between the first and second magnitudes, in 
the constellation Canis Minor. Between Betelgeux and 
Frocyon, nearer to the horizon, is Sirius, easily diatiO' 
guiehed by its scintillation and lustre ; these three stars 
form an equilateral triangle, 

To the left-hand of Auriga, and at about the same dis- 
tance from Capella as Aldebaran is, you will perceive Cas- 
tor, a star of the first magnitude in Gemini ; and near it 
towards the left-hand is Pollux. There are four stars ina 
line, about the half-way between Betelgeux and Castor, 
these are the four feet of Gemini. Castor culminates on 
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the Ut of February, at iialf-past ten o'clock. Sirius cul- 
minates three-quarters of an hour before Castor, and 
Procj'On eix minuteA after. 

To the right hand of Auriga, and above the Pleiades, 
in a line with Castor and Qi^ella, is Algenib, a bright 
star in the breast of Peraeufi, and farther to the right ia 
Almaac in Andromeda ; these two stars, with Algol in the 
head of Medusa, form a triangle, of which Algol is the 
nearest to the Pleiades. Imagine a line to be drawn from 
the Pleiades, through Algol, and it will pass through Cas* 
aiopcia. This constellation is usually described by the 
figure of an inverted chair ; but there are five bright stars 
in it, which resemble the capital letter W, indifierently 
made, much more than a chair. 

To the tight-hand of the Pleiades, at a considerable dis- 
tance, viz. about 22°, is « Arietis, a star not very brilliant ; 
a line drawn from the Pleiades through this star will pass 
through Morkab in Pegasus. The constellatioa Pegasui 
is very remarkable, the three principal stars in it, with 
the head of Andromeda, form a large square, of whictl 
the four caruer stars are all of the second magnitude. 
The highest star towards the right-hand is Schcat, It may 
be easily known by a kind of isosceles triangle, formed 
by three small stars, towards the right-hand of-il; one of 
naw Btars is a little above Scheat, 
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If the student stand 
facing the north, he . ^^ 'P 

wiHperceiveUrsaMa- iil^^ O O 

jor.orthe Great Bear, S, ! 

the most conspicuous -<«? *? O 1 

consteilation in the VV, \ | 

heavens. It is visible O X[) 

at all times when ^,? i 

there are any gtars to \ [ 

be seen. The annexed '■., I 

figure represents the \ i 

Great Bear when be- \ i 

- low the pole. Of the ! 

seven brilliant stars in '\ j 

the Great Bear, those \ \ 

marked a and are -ORSA ^{n/ "> ^ 

called the two point- a © ^^^- \ V'*' 

ers, because they di- ^ *a \ i 

rect the eye to a \ \ ^3 

bright star at P, silu- O \ 

ated about a degree -*^ * 

and three-quarters from the pole of the world, which 
8tarj from its vicinity to that imaginary point, is named 
the polar-star. 

Lrsa Minor, or tlie Little Bear, has nearly the same 
shape as tlie Great Bear, but the situation ie inverted, U 
represented by the figure, and the seven stars are not m 
bright as those in the Great Bear. An imaginary hue 
drawn through the centre of the square of the Great Bear, 
perpendicular to the sides, will point out the bright star 
marked /S in the square of the Littie Bear. These con- 
stellations win assist the student in acquiring a knowledge 
of the situation of others. I 

For instance, the tail of Draco lies between the polar 
star and the square of the Great Bear, and the figure ex- 
tends in a serpentine direction towards the left hand to a 
considerable distance, where it is terminated by four bright I^ 



BtarB(in the head) forming nearly a square. An imaginarr L 
line drawn through S and y in UrsaMajor, southward, will L 
s through the brightest star in Leo Minor, and through U 



Regulus in Leo Major. Regulus is easily distinguished, 
beJDg j 
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being the southernmost of four bright stars, resembling 
the letter Z inverted. 

By llic foregoing description, with the assistance of a 
celestial globle, it is presumed the learner may accjuire a 
Imowledge of the principal constellations which appear ia 
die heavens in the winter. Those which present them- 
selves in the summer are less conspicuous, but many of 
them may be distinguished by the following description. 

If the student observe the neavens about ten o'clock in 
the evening, at the beginning of May, he will see the 
Great Bear near the zenith, above the pole. To the 
right-hand of the pointers in the Great Bear, and near the 
horizon, are Castor and Pollux, already described, and 
farther to the right-hand is Auriga. An imaginary line 
drawn through S and y, as noticed before, will pass 
through Leo Minor aud through Regulus, and being con- 
tinued in the same direction will pass through the heart of 
Hydra. To the right-hand of Cor Hydrse, near the hori- 
zon, a little more distant tlian Re^ulus, is Proeyon ia 
Cants Minor, and at about the same distance, on the left- 
hand, is Crater the Cup ; beyond which, in the same direc- 
tion, is Corvus the Crow, being a Itind of square formed 
b^ four principal stars. An imaginary line drawn through 
K in 7 in the Great Bear, as a diagonal to the square, will 
pass tlirough Cor Caroli near Coma Berenices, and through 
Spica Virginis. Spica Virginis, Arcturus in Bootes, and 
Ueneb in the Lion s tail, form an equilateral triangle, in 
which Arcturus is the miost elevated, and Deneb is situ- 
ated towards the right-hand. A line connecting the first 
and third stars in the tail of the Great Bear will pass 
through Corona Borealis. This constellation is of an 
oval form, and is composed of eight stars, three of which 
are very bright, and appear close to each other. An 
imaginary line drawn from Arcturus through Corona 
Borealis, will pass through the body of Hurcules, beyond 
which, in the same direction, is the bright star Vega in 
Lyra. Below Corona Borealis is Serpens the Serpent; 
when these two constellations are on tlie meridian, which 
happens about three-quarters of an hour after the culmin- 
ating ofain Libra, Arcturus will be on the righl-hanti 
and Vega on the let). Vega in Lyra, Altair in the Eagle, 
a 5 anJ 



130 THE MOTION OP THE FIXED STARS. Poii 11. 

and the head of the Dolphin, form an isosceles triangle, 
of which Vega is at the vertex. Altair is easily known, 
being the middlemost of the three bright stars eitumted 
near to each other in a straight line. The Dolphin lieg 
to die Icf^-hand of the Eagle, and is composed of about 
fire stars, four (rf which appear close together. Above the 
Dolpliin, and to the left-hand of Vega, is Cygnus, a re- 
markable constellation in the milky way, in the form of a 
Jarge cross, below which is Pegasus already described. 

In comparing the convex surface of the celestial globe 
witli the apparent concavity of the heavens, the studoit 
win observe that the figures of the constellations are re- 
versed ; those which appear to the right-liand on the globe 
are to the left-hand in the heavens. The preceding ac- 
count of their situations refers to the heavens. 



Chapter III. 

<)flke Motion of the Ftxed Stars hy the Precession of St 
Eijuinoxcs, hy AierratioJi, and by the Nutation ofiht 
Earth's Axil; their proper Motiom, Distance, varidUe 
Appearance, S^c. 

It has already been shewn (Def.&i:) that the Tnten«. 
tion of the echptic with the equinoctial, has a retrograde 
motion of about SOJ seconds in a year, and that a revolu- 
tion of the equinoctial points will be completed in riwnt 
25,791 years. Now, since the e(]uinoctia) changes its po- 
sition with respect to the ecliptic, its axis will also be 
changeable, and its poles, in the com-se of 25,791 years, 
will describe a circular path in the heavens. Hence the 
longitude, right ascension, and declination of every star 
will be variable, and consequently the pole of tlie equi- 
noctial cannot always be directed to the same star. The 
stv which at present is nearest to the north-pole of tie 
equinoctial is Alnircabak, a star -of the second ina"nitude 
ill the tail of the Little Bear ; it is about a degree and 
three 
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iJiree quarters from the {lofe. The nearest approach of 
this star to the pole will be when its longitude ft 90" ; it 
wilt then be within hall'a degree of the pole, and this will 
happen in the year 2103*, its longitude in liie year 1800 
being 85" +6' 10". Since the fixed stars complete a revolu- 
don about the axis of the ecliptic in 25,791 years, any given 
star will perform halfa revolution in 12,895^ years; there- 
fore in 12,895years after 2103, that is, in the year 14,998, 
the present polar alar will be at its greatest distance from 
the pole of tne equinoctial, which wiJI be upwards of forty- 
five degrees. In the year of the world 1704>, tlie star 
marked a in Draco, was the polar-star, bf^ng at that time 
within one-sixth of a decree of the pole of the equinoctial. 
This star lies half way between the middle star in the tail 
of the Great Bear and y in the square of the Little Bear. 

TliG aberrtition of the fixed stars is occasioned by the 
velocity of light, combined witli that of the earth in its 
orbit (jceZJg^ 121.), bywhich each star apparently describes 
an ellipsis aboot its mean place in a year ; the longer axis of 
this efUpsis is about 40". The Natation arises from the 
attr«ctioa of the moon upon the equatorial parts of the 
earth, by which the pole of the equinoctial describes an 
ellipsis about its mean place as a centre. This ellipsis is 
completed in a revolution of the moon's nodes, that is, ia 
18 years and 228 days; the greater axis being in the sol- 
stitial colure and equal to Id*'.!, and the less axis in the 
e<]ulaoctial colure and equal to W.9.f 

Dr. Maskelyne observes % that many, if not all the fixed 
stars, have small motions among themsdves, which are 
called tfieir proper motions i the cause and laws of which 
are hid, fur the present, in almost equal obscurity. By 
comparing his observations with others, he found the an™ 
nual proper motioo of the following stare, in right ascen- 
aion. to be, of SiWts, — 0".63 : oi Castor, — 0".28; of 
i^w^H,— 0"Ji8(ofi'o//M;r,— 0".93j of iie^«*,--0".*l 
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o! Arclurns, — V'A; of a AqiiU£e+0".5'7; and Sirius in- 
creased in north polar distance -t-l".20; Arclurtu+2''.0l. 

The magnitudes of the fixed stars will probably for ever 
remain unknown ; all that we can have any reason to ex* 
pect, is a mere approximation founded on conjecture. — 
From a comparison of the light afforded by a fixed star, 
and that of the Gun, it has been concluded that the mag- 
nitudes of the stars do not differ materially JTom that of 
the sun. The different apparent magnitudes of the stars 
is supposed to arise from their different distances ; for the 
young astronomer must not imagine that all the fixed stars 
are placed in a concave hemisphere, aa they appear in the 
heavens, or on a convex surface, as they are represented 
on a celestial globe. 

From a series of accurate observadons by Dr. Bradley 
oa y Dmconis, he inferred that its annual parallax did 
not amount to a single second; that is, the diameter of 
the earth's annual orbit, which is not less than 190 mil- 
lions of miles, would not form an angle at this star of one 
second in magnitude ; or, that it appeared in the same 
point of the heavens during the earth's annual course 
round the sun. 

Tile same author calculates the distance of y Dracamt 
from the earth to be 400,000 times that of the sun, or . 
38,000,000,000,000 miles : and the distance of the vearesl 
fixed star from the earth to be iOjOOO times the diameter 
of the earth's orbit, or 7,600,000,000,000 miles. These 
distances are so immensely great, that it is impossible for 
the fixed stars to shine by the light of tlie sun te&ectei 
from their surfaces : they must therefore be of the same 
nature with the sun, and like him shine by their oim 
light. 

The number of the fixed stars is almost infinite, thousb 
the number which may be seen by the naked eye in l£e 
whole heavens does not exceed, and perhaps falls short of 
3000 ", comprehending all the stars from the first to the 



■ By adding up the numberi of stmrs in the lirst column of ibt 

Briciih Caislague given >t pages av, 98, and S9, the sum will be ffauiii 
to be 3457. See page 26. 

girth 
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Bixth magnitude inclusive ; but a good telescope, directed 
almost indifferently to any point in the heavens, discovers 
multitudes of stars invisible to the naked eye. That bright 
irregular zone, the milky way, has been very carefully 
examined by Dr. Herschel ; who has, in the space of a 
□uarter of an hour, seen 116000* stars pass through the 
field of view of a telescope of only 15' aperture. 

The fixed stars are the only marks by which astrono- 
niers are enabled to judge of the course of the moveable 
ones, because they ao not vary their relative situations. 
Thus, in contemplating any number of fixed stars, which 
to our view form a triangle, a four-sided figure, or any 
other, we shall find that they always retain the same re- 
lative situation, and that they have had the same situation 
for some thousands of years, viz, from the earliest records 
of authentic history. But as there are few general rules 
trithout some exceptions, so this general inference is like- 
wise subject to restrictions. Several stars, whose situa- 
tions were formerly marked with precision, are no longer 
to he found ; new ones have also been discovered, which 
were unknown to the ancients ; while numbers seem gra- 
dually to vanish, and others appear to have a periodical 
increase and decrease of magnitude. Dr. Herschel, in 
the PliiloBophical Transactions for 17S3, has given a large 



iui.>j, ^ Fhilasophioal Transiurlions for 1TS5, 
ui.uir.pigu 21-I. Dr. Herwhcleays, " In the moatcrovrdcd pnrt of 
" tbc milky way I hats bad fields of view thHt containEd no legs thai: 
•■ £88 stars, and tliese were continunL for manyminutes, go Ihatiti one 
" quarUr of an hour's tiniB there paised no less than 116000 slsra 
" ti^u^ the field of view of my telfscope, — The brcadili of my 
" <w«p was 3°. 26', to vbidi must be added 15' for the tv/o Bcmi- 
•■ diMnclm ot the Beld. Then putting lfil'=a, die number of fields 
" ID 15' uf time; '7B54=A, the proportion oTk circle to I, its drcDm- 
•■ Kribed tqnata ; f ^ siue of 74"'. S2' tlie polar distance of the nrid- 
" die of the iwcep redULi'd to the present time; and 5SS=t, the 
•• number of (tan in a field of Tiew, we have ^Ai=. 116076 Mara.'" 

Thii catculatian ii founded on a nippoiuCion that the Etan were 
crgtuliy dineininaled through the Hliole field of TieH- of Ilie tclciiaipe ; 
and therefore can bo conaidcred only ti an ingenious approunwtion to 
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coliectioii of stars which w-ere formerly seen, but are now 
lost, together with a catalogue of vari^le stars, and of 
new Htare. 

The periodical variation of Algol or Persei, is about 
•two i&ys 21 hours ; its greatest brightness is of the second 
magnitude, and least of the fourth. It varies from the 
second ma^tude to the fourth in about 3^ hours, aod 
back again in the same time, retaining its greatest bright- 
ness fior the remainder of its period. 

The fixed stars do not appear to be all regularly dit- 
seminated through the heavens, but the greater part of 
tijera are collected into clusters ; and it requires a large 
magnifying power, with a great quantity of light, to dw- 
tinguiah separately the stars which compose these clusters. 
With a small magnifying power, and a small quantity «( 
light, they only appe^ as minute whitish spots, like small 
light clouds, and thence are called nebtdic. Dr. Herschel 
has given a catalogue of 20CX) neliulcc, which he has dis- 
covered, and is of opinion that the starry heavens ii 
replete with these neiidee. The lai^st nebula is the 
mlllfy way, already noticed at page 36. 

From an attentive examination of the stars with good 
telescopes, many which appear single to the naked eye, 
hare been foimd to consist of two, three, or more stan. 
Ih. Herschei, by the help of his improved telescopes, has 
discovered nearly 700 such stars. Thus aHerculis, S Lyra, 
a, Geminoruin, y Androtnedee, ^ Hcrculis, and many otben, 
are double stars : . Lj/ric, is a triple star ; and i Zgr«t 
|S Li/rie, y. Orionis, and J JJbris, are quadruple stars.* 
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Chapter IV. 

The Method of measuring the Altitudes, ZeaUh T&fancer, 
Sfc. of the heavenly Bodies, including a Description of 
the Astronomical Quadrant, Circutttr Instrument, and 
Transit Instrument. 

It is of importance to the young astronomer to know 
in what manner the altitudes of the heavenly bodies are 
determined; for which reason, the most siraijle instru- 
ments for that purpose are here deacribed. This descrip- 
tion, however, must be considered as contracted aad im- 
perfect, since the various adjustments of the inetrumenls, 
and the miumer of using tliem to advantage can be ac- 
quired only by practice. 

The astronomi- 
cal quadrant is ge- 
nersJly made of 




ri tlie size of thi 
in«trainent. 
3 telescope 
ab\e about a cen- 
tre, c. From the 
centre c is sus- 
picuded ft weight 
p hanging freely 
in die direction of 
gravity, or per- 
pendicularly to the earth's surface, the line cp la called a 
plumb-line. 

Now if the plane of the instrument, by proper ai^ust- 
meuts, be made to coincide with the plane of the n"""'«" 
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of any place, and the pIumb-Hne cp nt the same time be 
made to hang exactly over the division marked 90 ; it U 
obvious, that if the telescope t t be directed towards any 
star s in the plane of the meridian, the number of degrees 
between h and t on the arc, will mark the star's attitude 
OS on the meridian, and the number of degrees between x 
and B will mark its zenith distance sz ; for the imaginary 

Suadranl oz of the meridian is supposed to be similarly 
ividcd to the instrumental quadrant kb, and to contain 
90 degrees between the horizon and the zenith. If the 
star be in the horizon at o, the telescope will coincide 
with 110 or be parallel to it ; if the star be in the zenith 
at 2, the telescope will coincide with tlie piumb-line cp. 
In the figure annexed the telescope is directed towards a 
star having about 40 degrees of altitude. The quadrant 
may be placed in the plane of any other vertical circle as 
well as in that which passes through the merid/an, and 
then it will measure altitudes in that vertical circle. 

When the quadrant is fixed against a vertical wall la 
the plane of the meridian, it is called a mural quadrant, — 
Such are the quadrants tn the Royal Observatory at 
Greenwich. 

The astronomical instrument now generally used Js an 
improvement upon the quadrant here described ; and thiB 
improvement consists, chiefly, in putting together four 
quadrants, and thereby forming a circular instruraenL 

The figure in Plate VI, is a representation of a small 
model of the large circles used in observatories. * tbt 
vertical circle ab is formed hyjbiir quadrants, and the 
telescope cd is not moveable on the arc of the instrumHit 
as before, but is attached to the circle, and moves only 
when the circle itself moves. When the telescope is 
placed horizontal, viz. in the direction ad, tlie divisions 
marked o will be at z and m. If the telescope be directed 
to any star, the arc of the circle from the telescope at c 



• Tiis figure is copied from a 7ieiiF, portable, and useful instrument, 
insde by Messrs. W. and S. Jones, of ffolbam, who very kindly fur- 
nislied tile Auibor mth a drawing of it, from which drawing the pi ' 
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to M will shew the zenith distance of the star, and the arc 
from M to the division marked o will shew its altitude ; if 
the instrument be situated in the plane of the meridian, it 
will shew the altitude and polar distance of any star, or 
the star's declination ; for having the latitude of a place 
given, and the meridian altitude of a star, the declination 
of that star is readily determined. 

The vertical circle of the instrument here described is 
graduated as in the figure ; at m is a Nonius scale, with a 
microscope, which reads olF to ooe minute of a degree ; 
the slow motion of the circle, for accuracy of observation, 
is produced by turning the screw at g. 

The achromatic telescope cd is contrived by a reflect- 
ing eye- piece, to admit of observations conveniently to the 
zenith. The axis of the vertical circle reverses for due 
adjustment, and is made level by the small suspended 
gpirit-level l. The wires of the telescope are illuminated 
at night by a small reflector placed in the inside of the axis, 
and the light is transmitted through the axis by means of 
a small lighted lamp occasionally attached to it. 

The base of the instrument, which supports the vertical 
circle, has an horizontal motion, the slow motion of which 
is produced by turning the screw at o. By the motion 
of the horizontal circle the azimuths of the celestial ob-- 
jects are obtained, and this circle is placed truly hori- 
zontal by means of the two spirit-levels s, s ; the screws 
at E, E, E, are for the purpose of fising the base in its 
proper position. 

When the vertical circle is truly placed in the plane of 
the meridian, the vertical wires of the telescope will an* 
£wer tlie purpose of a transit instrument. 

By the assistance of this instrument the altitude of the- 
Bun'a centre may be observed from day to day, and this 
altitude will be found to vary continually by unequal dif-, 
ferences : also the successive transits of the fixed stu^ 
over the meridian may be ascertained. (^^| 
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' The aolar si 



Of the Solar System. {Plate II. Fig. 1.) 

The Bolar system is bo called because the sun is eup- 
poEedto be situated in a certain point termed tlie centre of 
the system, having all the planets revolving round him at 
different distances, and in different periods of time. Ulis 
is likewise called the Coperoican system. 

1. Of the Sun. 

The sun is situated near the centre of the orhits of all 
the planets, and revolves on its axis in 25 days 14 hours 
4 nunutes. Tliis revolution is determined from the mo- 
tion of the spots on its surface, which first make tlieir 
appearance on the eastern extremity, and then by de- 
grees come forwards towards the middle, and so pass on 
till they reach the western edge, and then disappear. 
When they have been absent for nearly the same period 
of time which they were visible, they appear again as at 
first, finishing their entire circuit in 27 days 12 hours 20 
minutes. * 

Tiie sun is likewise agitated by a small motion ronntl 
the centre of gravity of the solar system, occasioned by 
the various attractions of the surrounding planets; but, 
as this centre of gravity is generally withm the body of 
the suo-t*, and can never be at me distance of m ' 



* AT. Cossini detemuBed tbs tune vhidi the sun taVcs to revaire Ml 
itt axis thus : the time in wlildi b spot returns to the Bame situatioii 
on the sun's disc (determined from a series of accurate obscmitiinu) 
is S7d. 13h. 20in. now the mean motion of the earth in that time b, 
27°. 7' 8" : Lencc 3G0° + 27° T 8": 27d. lah. 20in. : : 360': BtfL 
14h. 4m., the time of rotnticHi. 

-{- Sir I. NeHton'E Princtp. BooL ili. Prop. 11. and 13, 
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than the ieogth of tlie solar diameter from the centre of 
that body, astronomers gienerally consider the sun as 
the centre of the system, round which all the planets 
revolve; though in reality the centre of gravity of the 
sua and of all thg planets is tlie eentre of the " world. 
As the sun revolves on an axis, his figure is supposed 
not to be strictly in the form of a globe, but a little 
flatted at the poles; and that his axis makes an angle 
of about eight degrees f, with a perpendicular to Sie 
planu of the earth's orbit. As the sun's apparent 
diameter is longer in December than in June, it follows 
that the sun is nearer to the earth in our winter than 
ills in summer; for the apparent magnitude of a distant 
body diminishes as the distance increases. The mean 
apparent diameter of the sun is stated to be 32' 2" ; 
hence taking the distance of the buq from the earth 
to be 95 millions of miles as before determined J* 
its real diameter will be 886149 miles; and, as the 
magnitudes of all spherical bodies are as tlie cubes § 
of their diameters, the magnitude of the sun will be 
1377613 times tliat of the earth; the diameter of flie 



• Newton's Poncip. Book iii. Prop. 12. Corol. 
f 'Walker's Familiar Pliilosophy, lecture li. page 516. 
i IliB somUdianiittr of (lie earUi )iu been determined at page 63> 
in lbs DMB, to be 3983 milci ; and the diitanm of the earth from tbe 
' cmi-iliameters of the oiinh. See Bic note, page 67. 

rit semi-iliameler mn of the sun (Ptale IV. Tig. 3.) 
by the angle raon ■= 3B' a" ; hence the angle onl?t=lha 
latf"— 32' 2* ' , „ . „ . 

HSleomi*- ; =89° 43' 59"; and On aorount of tha 

fistance of the sun from the cunb, om, oc, aod on may be consi. 
itrtd Bs equaL Henrv, 

Sine (Hsn 89= 43' 59" 9,9909953 

l9loa3SBS.84 3eini-(liameten 4.3TBOt<(>D 

As one m on 32^3" 7.9693153 

Is to 332.5388 scmt-dumetera S.34T4059 

Mow, 3iS.S3SS X 3982^866149 '5016 miles, the diameter of the Eun, 
the cube of which divided by the cube of 79£f, tlie dinmeter of tbo 
earth, ^T« 1377613 times the suo is larger tlian the earth. 
$ Euclid xU. uiid ISth. ' 

eaxth 
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earth being only 7964 miles, tlie diameter of tlie sun is 
above one liunured and eleven times the diameter of the 

U. Of Mebcuhy g. 

Mercury is the least of all the planets, whose magni- 
tudes are accurately known, and the nearest to the Gun. ' 
The inclination of its asis to the plane of its orbit, and 
the time it takes to revolve on its axis, are unknown ; 
consequently the vicissitudes of its seasons, and the 
length of its day and night, are likewise unknovm. 
Mercury is seen through a telescope sometimes in the 
form of a half moon, and sometimes a little more or less 
than half its disc is seen ; hence it is inferred, that he 
has the same phases as the moon, except that he 
never appears quite round, because his enlightened ude 
is never turned directly towards us, unless when he ii 
so near tile sun as to become invisible, by reason of the 
splendor of the sun's rays. — The enlightened side of 
this planet being always towards the sun, and hU never 
appearing round, ore evident proofs that he shines not 
by hia own light; for, if he did, he would constantly 
appear round. The best observations of this planet are 
those made when he is seen on the sun's disc, celled his 
transit ; for in his lower coniunction, be sometimeg 
passes before the suu, like a little Spot, eclipsing a snull 
part of the sun's body. Mercury will transit the sun on tiie 
S2d of November, IB'22, but the transit will not be visible 
at Greenwich. That node from which Mercury a^cenilf 
northward above the ecliptic is in the fifteentli degree oT 
Taurus*, and consequently the opposite or descendii^ 
node is in the- fii'ceenth degree of Scorpio, llie sun U 
in the fifteenth degree of Taurus on the 6th of M«y, 
and in the fifteenth of Scorpio on the 7th of Novem- 
ber ; and when Mercury comes to either of his node! 



• The place of W 
inTaiiru<,audlls«a 



r 
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inferior conjunction (viz. when he is between 
larth and the sun), he will pass over the aiin's 
if it happen on or near the days above mentioned; 
I ail other parts of his orbit, he goes either above 
low the sun, and coiisei^uently his conjunctions are 
)le. 

rcury performs his periodical revolution round the 

1 87 d. 23 h. 15 min. 43 sec; his greatest elong- 

is 28° 20', distance from the sun 368U721 • miles ; 

the 



.orording lo Laplacs, MiTcurj's eidcrCBl period it 87.9S9258 
ind hii meui di^Iance froTD (he lun is .3ST099, assuming Ihe 
I dittiuice OS a standard and equal Id I. 

I dinance of MCTCury, or any planet, rniin the sun, may be 
by Hjier'i rufr. liius the squan; of tJie time which llie earth 
lo ivtoIto round the sun, is to the cube of the mean distanca 
earth From the sun, as the square of the lime which any otbtr 

takea to revolve round the sun, U to Uic cube of ill mean dis- 

(he cubo-root of wliidi will give the distance aaught. Or, 
it ghorifTf divide the square of die time in which any planet re- 

round ibe )un, by the nquare of the lime iu which the Barth 
n round the sun, Ibc cube root of the quotient will give the re- 
lultnce ofthi' planet froin tlie lun. This relative distance mul- 

by the meui distance of Uie earth from the lun, will give Ute 
iliitMGt of llie planet from the sun. 

«/»■ Mercury. The eattlirevolvesroundlheiunin SflSd. Sh. 

'SuG.~31S£G<>L>8 we. the square nf which ii 99583970479718-4, 

- ' diviior for all the planets, and 23882.84, the distance of 

rant tlia tun in semi-diameters (see page GT, note) will b« 

multiplier 87iL 3Ah. ISm. 43sec. - 7600543 sec. th», 

»luch u 5 7 76 82538 948 48. This square divided by the tor. 

prn .0580091! nearly, the culw-iool of which is .38710991, tbe ! 

» of Mercury from the lun, supposing tlie distance of the eart|| 

Jie nun to be an unit. .38710991 x 23882.84 = 9345-38414 

^e of Mercury from ibe sun in semi-dial neten of tlie car(b|1 

9245.9841 x 3982, radius uf (lie earth, =36814721 miles, ttM 
Jiilsnce of Mercury from the flun. 

r diitBiice of the inferior planets from the sun may be found bjt, 
dongations. M. de la Laiide lias circulated tha^ when Mvr-' 
* in his aphelion, and tlic eorlli in its perigee, the gieateal elon^ 
of Mtrcury is 28° 20' ; but wlien Mercury is in bis perihclioOt 
W Mrth in its apogee, the greatest elongation is 17 -' 36'; lln 
tfaocforv, is 22' 58'. Heucc^ in the triangle, uv (_Ftau IL 



1 
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the eccentricity of his orbit is estimated at one-fifth 
of his mean distance from the sun ; his apparent dia- 
meter 11" ; hence his real diameter is 3108 miles * ; and 
Ids magnitude about one-sixteenth of the magnitude of 
the earth. 

Mercury emits a bright white h'ght ; he appears i 
little after sun-set^ and again a little before sun-rise ; 
buty on account of his nearness to the sun, and the 
smsJlness of his magnitude, he is seldom seen. The 
light and heat which tfiis planet receives from the sun, 
is about' seven times greater than the light and heat 



JPig. 2.) the angle 8ev^22° 58', the distance of the earth from the 
nin 8X3=23882.84 semi-diameters, and eys is a right angle. 

Radius, sine of 90° 10.0000000 

Is to SK =23882. 84 4.3780860 

Aa sine <^ SS^ 38" 9.5912823 

Is to 9818.976 semi-diameters S.9693683 

Hence 9318976x3982=37108162 miles, the distance of Mercuiy 
from the sum by this method ; but an error of a few seconds in Ae 
^cmgatioo will make a considerable difference. 

* The mean distance of the earth from the sun is 23882.84 semi- 
diam., and Mercury's distance 9245.2841 semi-diam. : the difference is 
14637.5559 semi-diam. : the distance of Mercury from the earth ; and, 
as the magnitudes of all bodies vary inversely as their distances, we 
have by the rule-of-three inverse 14637.5559 : 11" : : 23882.84 : ^ 
.74179, the apparent diameter of Mercury, at a distance from the earth 
equal to that of the sun. Now the mean apparent diameter of the sun 
is 32' 2", and its real diameter 886149 miles,- hence 32' 2" : 886149m. 
% : 6" .74179 : 3108 miles of the diameter of Mercury: and, if the 
cube of the diameter of the earth be divided by the cube of the dis- 
meter of Mercury, the quotient will be 16.8 times the magnitude of 
^ earfii exceeds that of Mercury. 

The diameter of Mercury might have been found exactly in the 
tame manner as the diameter of the sun was found in the note, page 
139, using 11" instead of 32' 2", and 14637.5559 semi-diam. instead 
of 23882.84 semi-diam. : the result of the operation in this case will 
be .78061 semi-diam. of the earth; hence .78061 x 3982 = 3108 miles 
the diameter of Mercury exactly as above. It has been remarked at 
pi^e 67, that the apparent diameters of the planets are measured by 
a micrometer, said to be invented by 3/*. Azout, a Frenchman ; but it 
appears, from the Philosophical Transactions, that it was invented by 
Ji&, Gascoi^ne, an Englishman, 

which 
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which ihe earth receives. • The orbit of Mercury 
makee an angle of seven degrees with the ecliptic, and 
he revolves round the sun at the rate of upworib of one 
hundred and nine thousand miles per hour, f The 
manner in which the earth revolves round the sun has 
idready been explained at page 66, and as all the other 

Elanets move ia a similar manner in elliptical orbits, 
Bving the suu iu one of the foci, what has been ob- 
served respecting the earth will be etiuaily applicable to 
all the planets. 

III. Oe Venus ?. 

Venus is the brightest, and, to appearance, the largest 
of all the planets; her light is distinguished from diat of 
the other planets by its brilliancy and whiteness, which 
are so cooaiderable that, in a dusky place, she causes an 
object to cast a sensible shadow. Venus, when viewed 
through a telescope, appears to have all the phases of the 
raoon, from the crescent to the enlightened hemisphere, 
though ^e is seldom seen perfectly round. Her illu- 
minated part is constantly turned towards tfaesun; hence 
the conveK part of her crescent is turned towards the 
east when she is a morning star, and towards the west 
nhen she ia an evening star; for when Venus is west of 



• As IbeeHeets of light and heatarereciproeallj proportional lo the 
H|iiarei of Ite distances tram the centre wb«tice ihey are projiagatcd, if 
you divide Uui squire of liiE earth's diitunccfraai the nin, by the sijuore 
of Mercury's ilisluace from (Jie sun, tho cfuoticBt will shew the com- 
purnlive heal of Mercury lo that ol' tiie (atith. 

f This is (bund in Uie saioe raaoner as fur tlie earth in page 68. 
Thm if yoa doable the diMlance of soy planet from the sun, then 
Dwlti|>ly by 3Si, and divide the last product by 113, you irfnain ihe 
cjncuuilvieniv of the planet's orlut in miles. This (^'cumferencc, 
(lividol by tlio uuraber of hours in tlie planet's year, will give the 
oumbat of aiites per faour which that planet travels round the sun : a 
geveral niUfir all the ploatts. Hence, 

-nierfinuiifcreDceofMefcury'sorbimll be found lobe 231319733 
.TtTniilni then 87d. 231i. 15' tS': 291313733.717 nules ; j 1 1"- = 
, iOSSSl milea Mercury travels per hour. 
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the sun, as seen from the earth, that is, when her longi* 
■tude is less than the sun's longitude, she rises before 
him'in the morning, and is then called a morning star; 
but when she is east of the sun, viz. when her longitude 
is greater than the sun's longitude, she shines in the 
evening after the sun sets, and is then called an evening 
Star. 

Venus is a morning star, or appears west of the sira for 
about 290 days, and she is an evening star, or appears 
east of the sun for nearly the same length of time, though , 
she performs her whole revolution round the sun in 224 , 
days 16 hours 4-9 minutes 10 seconds. A very natural 1 
(luestion here may be asked, viz. Why Venus appears a 
longer time to the eastward or westward of the sun 
than the whole time of her entire revolution round him? 
This is easily answered, by considering that, while Venus 
is going round the sun, the earth is going round him the 
same way, though slower than Venus, and therefore the 
relative motion of Venus is slower than lier absolute 

Sometimes Venus is seen on the disc of the sun in the 
form of a dark round spot. These appearances happen 
but seldom, viz. they can happen only when Venus is 
between the earth mid the sun, and when (he earth is 
nearly in a line with one of the nodes of Venus. • The 
last transit of Venus was in 1769, and the two next trail- 
site, in succession, will fall on the 8th of December, 
1874, and on the 7th of June, 2004. The time whid 
this pSanet takes to revolve on its axis, and the inclina- 
tion of its axis to the plane of its orbit, have been giren 
by different astronomers ; but Dr. Herachel, from a long 
series of observations on this planet, published in the 
Philosophical Transactions for 1793, concludes, that the 
time of this planet's rotation on its axis is uncertain, and 
that the position of Its axis is equally uncertain ; that itc 
atmosphere is very considerable ; that it has proboUy 
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inequalitica on its surface, yet he cannot diacover any 
mountains. The apparent mameter of Venus is stated 
to be 58" -79 ; the eccentricity of her orbit 473100 
miles*; her greatest elongation 47^ 48'; her revolution 
round the sun is performed in 224d. 16h. 49m. 10 sec, f, 
as before stated; and, if her apparent diameter be taken 
as above, her true diameter will be 749S miles :f, and 
her magnitude something less than that of the earth ; 
likewise her distance from the sun will be found to be 
68791752 miles. 

The light and heat which this planet receives from 

I the sun, are about double to what the earth § receives. 

■■k The 

^^^•IPih, according to M. Ae la I-andp, if the mean distance of the 
■egrth be lOOOOO, the eccentricity of Venus will be 49B ; hence when 
the diidance is 95 tnillions uf miles, the eccentricity wit) be 4T3I00 

f "Hie leronds lu thli time — I!M14150, (he sijuare of which is 

376909220322500, this divided by 99583970^787 J 84 (ja Ike note, 

Iiag*HI,)gi»eB.373483B, 4& the cube root of which U .7233511; 

Ihis, muhipTied by 3388a. S4, produces 17275.678585 femi-JUm. which 

j multiplied by 39S2 = 68T91TJS miles, the distance of Venus Irom tho 

According to LnjJaee, the sidereal revolution of Venus is 224. 700824 
days, and her mean diilaaoe frum the sun is .723332. 

M. de la Lnnde lias found the greatest elungalions of Venus to be 
. .47= IB ind 44 57' when in similar situations to Mercury, mentioned 
ill the Hole page ]4S; the medium is 4G^ 22* SO", using Ihia angle 
■nil Ibe very same calculation as in the note page 142, the distaBce 
of Venus fVom the aun will be fnund = I728S.09 scini.^an]eters of 
Ifaccardi; hence the distance will be Iiad = <je841174 miles, astonish' 
Ingly near to tlie distance found by Kepler's rule, cooMdering the great 
■litt'ennce in Uie principles of calculation, and a strong proof of the 
truth of the Caperniean system. 

f Hov, (as in the note page 142,) 23882.84— 1 7275.673 585- 
661)7.1 6H5 aemi-diain. diMance of Venua from the earth; hence, in- 
«tf*ely, 660T.1G145 : 5B''.79 : : 23882.84 : I6''.36419, and 32' 2*' 
! 886149 : i lS".S64ly ; 7498 miles the diameter of Venus. Or, by 
trigoiiometiy, using the angle 58''.79, and distance 6607.16145, the 
mull is 1.88314; ■ 3982-^7498 miles. 

I TbeM are found by dividing the square of the eaijh's distance 
ham ttie sun by the square of the distance of Venus from the sun, 
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The oThh of Venus makes an angle of 3" 23' 35" with 
the ecliptic, and she revolves round the sun at the rate 
'of upwards of eighty thousand miles per hour. * Thb 
planet, like Mercury, never departs from the sun; she 
IB only visible a few hours in the morning hefore tlie sua 
rises, or in the evening after he sets ; an evident proof 
that the orbits of these planets are contained within (he 
orbit of the earth, otherwise they would be seen iii o[4po- 
sition to the sun, or above the horizon at midnight 



IV. Of the Earth ©, and its Satellite the M'oom]). 

The figure and the magnitude of the earth have 
been already explained in Chapter III, Part I. ; and its ■ 
diurnal and annual revolution round the sun, disljmce i 
from the sun, seasons of the year, &c. have been shewn 
in Chapter IV. ; as it would be superfluous to repeat 
those particulars here, this chapter is confined entirely 
to the moon. 

The moon being the nearest celestial body to the earth, 
and, next to the sun, the niost resplendent iii appearance, 
has excited the attention of astronomers in all ages. The 
Hebrews, the Greeks, the Romans, and, in general, all 
the ancients, used to assemble at the time of netr, or 
full moon, to discharge the duties of piety and graUtude 
for its manifold uses. The day being measured by 
observing the time which the sun took in apparently 
moving from any meridian to the same again, so Ae 
month was measured by the number of days elapBed 
from new moon to new moon ; this month was supposed 



TliG earth's distance from tlic sun is 9S0O00O0 miles, tlie square rf 
which ie goSSOOOOOOOOOUOO, the distance of Venus from tl« sun b 
68791732 miles, tile sijuaTB of which is fl 7S 3305 143 S393M ; Ibe 
fnmier square divided hj the lottor givoa 1.907 for ihc quotFent. 

• Bj tlie proctss mentioned in the note pBge 143, the circumfiiretica 
«rthe orlBtDf Vanus wiUbefoiiiiiltobe43223I3ea.l23iniles; dKn, 
as aa4d. ISh. 49m. lOsec. 1 ■13223!36a.ia3 miles : : 1 h. : B0I4» 
miles Venui^ trnvels^xT hour. 
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to be completed in thirty days * ; and whea the motioa 
of the moon came to be compared with, and adjusted to, 
the appurcnC motion of the suit, twelve of these months 
were thought to correspond exactly with the bub's annual 
course. The luuar month is of two sorta, periodical and 
synodicaL. A periodical month is the time in which the 
moon finishes her course round the earth, and consists of 
27 days 7 hours 43 min. 5 seconds f ; and a synodical 
month is the time elapsed from new moon to new moon, 
and consists of 29 days 1 2 hours 44 min, 3 seconds. The 
synodical month was probably the only one observed la 
the infancy of astronomy. 

The orbit of the moon is nearly elliptical, having the 
earth in one of its foci ; but the eccentricity of this ellip- 
sis is variable, being the greatest when the line of the 
apsides in the syzygies, for then the transverse axis of 
the moon's orbit is lengthened ; and the least when the 
transverse axis is in the quadratures, for then the conju- 
gate axis Is lengthened, and consequently the orbit ap- 
proaches nearer to a circle. The moon in her revolution 
round llie earth would always describe the same ellipsis, 
were tliat revolution undisturbed by the action of the 
sun : (he principal axis of her orbit would remain at rest, 
and be always of the same quantilr ; her periodic times 
would all be equal, and the inclination of her orbit to the 
ecliptic and the place of her nodes would be invariable; 
but her motions being disturbed by the action of the 
BUD, they become subject to so many irregularities, that 



■ The "Rei. Mr. Coslard, in his History of Astronomy, supposes 
that Uic oldut nusuurc of .time (taken from tha rerolutians of the 
besvealy bodies) wu a. manth : and, after tbe leo^ of the jeai was 
discuvcrcd, the ecliptic, and oil other circles, were ilivided into 360 
eiixinl porta, oiled degrees, because 30 d. x 12 = 300 days tbe lenglb 
of llie year, flisf. of Aslr. p. 41. In aa account of the Pplew 
Iiluids, we are told that the inhnlnCanta redcuned their time by 
moDtlu, «Dil not by years ; fur, when the King entrusted his son la Ilii: 
cuw of CaptUD Wilson, liciuquired how nuny moatu would elnpse 
before In: might eipect tlic return of liis son. The inluibilanta of lliusc 
islondi were totally ignorant of the arts anil sciences. 

t Pniodlca! revolution 27.321582 days, ^nndicol B9.SSOS88. 
M, ImbIoci. 

■ m_t » 
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to calculate the moon's place truly, and to establish the 
elements of her theory, are almost insuperable diffi- 
culties. 

The orbit of the moon is inclined to the echptic in an 
angle, whieh is variable from 5" to 5' 18', consequently it 
is inclined in an angle of 5° 9' at a medium. The motion 
of the moon's nodes, or places where her orbit crosses the 
orbit of the earth, is westward, or contrary to the order 
of the signs : this motion is iiltewise irregular, but by com- 
paring together a great number of distant observationa, 
the mean, annual retrograde motion is found to be about 
19^ 19' ii", so that the nodes make a compiete retro- 
grade revolution from any point of the ecliptic to the same 
again in about 18 years 228 days 9 hours. The axis of the 
moon is almost perpendicular to the plane of the ecliptici 
the angle being 88° 17', consequently she has little or no 
diversity of seasons. The moon turna round her axis, 
from the sun to the sun again, in 29 days 12 hourt 
44 minutes 3 seconds, which is exactly the time that she 
takes to go round her orbit from new moon to new moaa; 
she therefore lias constantly the same side turned towardi 
the earth. This, however, is subject to a small variatioo, 
called the libratiou * of the moon, so that slie sometimei 
turns a little more of the one side of her face towards the 
earth, and aometimes a little more of the other, arising 
from her uniform motion on her axis and unequal motion 
in her orbit: this is called her libration in longitude.— 
The moon likewise appears to have a kind of vacillating 
motion, which presents to our view sometimes more ana 
sometimes less of the spots on her surface towards eacfa 
pole ; this arises from the axis of the moon making an 
angle of about \° 43' with a perpendicular to the plane 
of the ecHptic ; and, as this axis maintains its parallelism 
during the moon's revolution round the earth, it must ne- 
cessarily change its situation to an observer on the earth : 
this is called the moon's libration in latitude. 
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While the moon revolves round the earth in an ellip- 
tical orbit, she likewise accompanies the earth in its ellip- 
tical orbit round the sun ; by this compound motion her 
path is every where concave towards the sun. • 

The moon, like the planets, is an opaque body, and 
shines entirely by the light received from the sun, a portion 
of which is reflected tu the earth. Aa the sun can only 
enlighten one-hali' of a spherical surface at once, it follows 
that according to the situation of an observer, with re- 
spect to the illuminated part of the moon, ho will see 
more or less of tlie light reflected from her surface. At 
the conjunction, or time of new moon, the moon is be- 
tween ihe earth and the sun, and consequently that side 
of the moon which is never seen from the earth is enlight- 
ened by the sun ; and that side which is constantly turned 
towarcU the earth is wholly in darkness, -j- Now, as the 
mean motion of the miion in her orbit exceeds the apparent 
motion of the sun by about 12° 11' in a day|:, it fbUows 
that, about four days after the new moon, she will be seen 
in the evening a little to the east of the sun, after he has 
descended below the western part of the horizon. A spec- 
tator will see the convex part of the moon towards the 
west, and the horns or cusps towards the east ; or if the 
observer live in north latitude, as he looks at the moon 
the horns will appear to the left hand ; for if the line join- 
ing the cusps of the moon be bisected by a perpendicular 
passing through the enlightened part of the moon, that 
perpendicular will point directly to the sun. As the moon 
continues her motioji eastward, a greater portion of her 
surface towards the eortli becomes enlightened; and when 
she is 90 degrees eastward of the aun, which will happen 
about 7V (lays from the time of new modn, she will come 
to the meridian about 6 o'clock in the evening, having 



■ See 91. MuUurin's accouot of Sir Isaac Newton *e discoveries, 
book 11. dap. 5; Howe's Fluxions, second edicion, pagu 225 ; Fer- 
guaon't Aatrunomj', oclsvo edition, article 36G; or a treatise on 
Aitranony, l>y Dr. Olinlhiie Gregory, article 458. 

t Eltepl ihc light which is refiecltd ujioii il from tlie Earih, which 
^^ -BO cannot perceire. 

t See tbe acnr page 80, 
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the appearance ofa bright semi-circle; advancing stiU to 
tiie eastward, she becomeg more enlightened towarda the 
earth, and at tlie end of about 14^ days, she will come to 
the meridian at midnight, being diametrically opposite ta 
the Bun ; and consequently she appears a complete circle, 
or h ia said to heJuU moon. "Ine earth is now between 
the sun and the moon, and that half of her surfkca 
which is constantly turned towards the earth is wholt^ 
illuminated by the direct rays of the sun ; whilst that ha£ 
of her surface, which is never seen from the earth is in- 
volved in darkness. The moon continuing her progren 
eastward, she becomes deficient on her western edge, and* 
about 7 J days from the full moon she is again within 90 ' 
degrees of the sun, and appears a semi-circle with th9< 
cwivex side turned towards the sun : moving on still eutn 
wiu'd, the deficiency on her western edge becomes greatrav> 
and she appears a crescent, with the convex side turned 
towards the east and her cusps or horns turned towards 
the west : and about 14^ days from the full moon she bat 
again overtaken the sun, this period being perfonned 
in 29 days 12 hours 44 minutes S seconds, as has been' 
observed before. Hence, from the new moon to the fuU > 
mo<m, the phases are homed, half-moon, and gibbous ; and 
as the convex or well-delined side of the moon is alwsy«' 
turned towards the sun, the horns or irregular side wil! 
appear to the east, or towards the left hand of a spectator 
in north latitude. From the full moon to ihe change^' 
thepliase8areff!66o««, /la^i^ooB, andAomerf; the conves 
or well-defined side of her face will appear to the east, 
and her horns or irregular side towards the west, or to 
the right band ofa spectator. 

As the full moons always happen when the moon vi 
directly opposite to the sun, all the full moons, in our 
winter, happen when the moon is on the north side of the 
equinoctial. The moon, while she passes from Aries to 
Libra, will be visible at the north pole, and invisible 
dunhg her progress from Libra to Aries ; consequently, 
at the north pole, there is a fortni^t's moonlight end's 
fortnight's darkness by turns, "nie same phenomena 
will happen at the south pole during the sun's absence 
in our summer. If the earth, the moon, and the sun 
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were all in tlie Game plane, there would be an eclipse of 
the sun at every new luoon, (for then the moon is between 
tlieearthand thesun,)and there would be an eclipse of the 
mooa at every full moon, at which time the earth la be- 
tween the sua and the moon. But as tbe orbit of the 
inooii crosses the orbit of tlie earth or the ecliptic in two 
opposite points, called the nodes, it is evident that the 
moon is never in the ecliptic except when she is in one of 
these nudes ; an eclipse, therefora, can never happen un- 
less the moon be iu or near one of these nodes, at all oUier 
times she is either above or bclon- the orbit of the earth; 
and though the moon crosses each of these nodes every 
moutii, yet if there should not be a new or full moon, at 
or near that time, there will be no eclipse. (See more of 
tliU iuhject in a succeeding chapter.) The influence of the 
moon upon the waters of the ocean has already been ex- 
plained ; and the nature of the liarvest-mooa will be 
shewn amongst the problems on the globes. 

The moon's greatest horinontal parallax is 61'32", the 
least 5i' 4/', consequently the mean horizontal parallax 
is 57' 48" * ; and her mean distance from the eartlt 
2366*7 t miles. The apparent diameter of the moon is 
variable according to her distance from the earth ; her 
mean apparent diameter is stated to be 31' 7" i ; hence 
her real diameter ii 2144 railea §, and her magnitude 



■ Or> Ilutton'a Malticmatical Diet, word Parallu, ^^^H 

f At in ihi notu page 67. ^^H 

Sine ot' angle rsD 57' 4S" 8-335^335 ^^H 

IslQBomi-iIJainetcrDf iliecaithpo.... O-OOOOOOO ^M 

Ai TodiuB, uiio of 90° - una ais..... 10-0000000 

ll to 59-4793H senu-dLiUDecen 1-7T'>S665 

Ilenn A9<47D3a x 3882 ^ 236B46-83 miles, disUnce of the moon 
botD tlieCHtfb 

I Cincs's AMttmomy. H'oodJunae't AMrDnomy, page 314. 
' * ~~ the preceding notes say, inversdj. $9-4TS3S scml-dini]. : 
I8(IS'84 wm. ; 4" -64^7, tlin ap]»rent dismeCer of the moan 

.. EC froin tlio earth Eqiml lo ilial of tliu sun ; hence 32* 3" i 

SH6149 ;; 4" -6497 -. 2!43'8 iiiiles the diameter of tlic moon. Or, by 
trisoBCnMi;,. tin angle m o n, (PlaU IV. Fig, 3.) = 31' 7", heocO 

■»■-»'■'-. „,j^„.„j-.. 



3lVl 



152 OF TBE SOLAR SYETEM. Part IT. 

about Tff of the magnitude of the earth. The moon per- 
forms her revolution round the earth in 27 days 7 hours 
4<3 minutes 5 seconds, as has been observed before, con- 
eequently she travels at the rate of 2270 * miles per hour 
round the earth, besides attending the earth in its annua) 
journey round the sun. 

The surface of the moon is greatly diversified with in- 
equalities, which through a telescope have the appearance 
of hills and valleys. Astronomers have drawn the face of 
the moon as viewed through a telescope, distinguishiog 
the dark and shining parts by their proper shades and 
figures. Each of the spots on the moon has been marked 
by a numerical figure, serving as a reference to the pro- 
per name of the particular spot which it represents; as, -X- 
Hera chel's volcano ; l,GrimaIdi; 2, GaUleo, &c.; so that 
the several spots are named from the most noted astrono- 
mers, philosophers, and mathematicians. The best and 
most complete picture of the moon is that drawn on Mr. 
Susaet's lunar globe. 

Dr. Herschel informs us that, on the 19th of April, 
1787, he discovered three volcanoes in the dark part of 
the moon ; two of them appeared nearly extinct, the 
third exhibited an actual eruption of fire, or luminous 
matter. On the subsequent night it appeared to bum 
with greater violence, and might be computed to be 
about three miles in diameter. The eruption resembled 
a piece of burning charcoal, covered by a thin coat of 
white ashes ; all the adjacent parts of the volcanic moun- 
tain were faintly illuminated by the eruption, and were 



SDeor89°S9'44",&c. = (sine of 90 nearly) lOOOODOOO 

Is W 59'479S8 semi-diamelers 1 -7743663 

As sine 31' 7" 7-95BlaiO 

Is to -53839 semi-diHinelera of the eKTth 1.7310975 

And -53839 x 3982 '^ 2143-86, &c., milea the diameter of themoooi. 
See tbe Dotes page I4S. If the cube of the earth's diameter be di- 
vided by the ciibe of the tnoun's diameter, the cjuatient will be 51-3; 
bencc the msgnitudc uf the cortli is upwaids of SO times (lioi of Ibe 

* For, bytlienote page 143; 113 : USSi: 3368469 x 2 : 1488153-09 
miles circumference of tlie moon's orbit; tbeijS7d. 7h.43iii. 5i«c. 
: 14S8153'09 m. ;; I h. i i269-S miles, 

gradualijT 
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gradually more obscure at a greater distance from the 
crater. That the surface of the moon is indented with 
niountw'ns and caverns, is evident from the irregularity 
of that part of her surface which is turned from tiie sun: 
for, if there were no parts of the moon higher than the 
reit, the light and dark parts of her disc at the time of 
the quadratures would be terminated by a perfectly 
straight line ; and at all other times the termination 
would be an elliptical line, convex towards the enlight- 
ened part of the moon in the first and fourth quarters, 
and concave in tlie second and third : but, instead of 
these lines being regular and well defined when the moon 
is viewed through a telescope, they appear notched and 
broken in innumerable places. It is rather singular that 
tlie edge of the moon, which is always turned towards 
the Bun, is regular and well defined, and at the time of 
full moon no notches or indented parts are seen on her 
surface. In all situations of the moon, the elevated parts 
are constantly found to cast a triangular shadow with its 
vertex turned from the sun ; and, on the contrary, the 
cavities are always dark on tlie side next the sun, and 
illuminated on the opposite side : these appearances are 
exactly conformable to what we observe of hills and val- 
leys on the earth : and even in the dark part of the 
moon's disc, near the borders of the lucid surface, some 
minute specks hare been seen, apparently enlightened 
by the sun's rays : these shining spots are supposed to 
be the summits of high mountains ', which are illumi- 
nated 



• Suppoting Uii) to be the fact, Bstronomers liave deWrniined the 
huifilit of ionic of the lumu- mauntuins. Tlie method made use of 
by Ricdoli (though it gives the true result only at ilie time of the 

Sidratures) a here eiplained, because it is much more simple than 
general method given by Dr. Heradiol in the PWloaophical Trans, 
adioni for 178a LcUldb {Plate XV. Fw.7.)bethe disc or face of 
the moon at tbc time of the qnadrBCuies, ica the boundary of ll^t 
and darkness; hu a mountain in tlie dark part, llic sunmiit m of 
u-liich ia just beginning to Ire enlightened, by a ray of ligiil sasi from 
the lun. Now, by means of a micrometer, the ralia of ua to 
AM may be determined; and as ac is the half of as, and mac 
% right Mgled triangle, by Euelid 1 and 47th ^/ Ac' + am' = cm, 

» S *™" 
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nated by the sun, while the adjacent valleys nearer the 
eiilP^htened part of the moon are entirely dark. 

Whether the moon has an atmosphere or not, is a 
question that has long been controverted by various astro- 
nomers : some endeavour to prove, that the moon has 
neither an atmosphere, seaS) nor lakes ; while others con- 
tend that she has all these in common with our earth, 
though her atmosphcrejs not so dense as ours. It can- 
not be expected in an introductory treatise, wheie gene- 
ral received truths only ought to be admitted, that we 
should enter into the discussion of a controverted ques- 
tion; however, it may be proper to inform the studenti 
that the advocates for an atmosphere, if we may be al- 
lowed to reason from analogy, have the advantage over 
those who contend that there is none. It is admitted on 
all hands, that the moon has mountains and valleys, like 
the earth, and appears nearly the same with respect to 
shape and the nature of her motions; may we not tben 
fairly infer that she is similar to the earth in other re- 
spects ? 



f ram irbMh take coc^au, and the remainder ho, is the li^gbt nf lb* 
mcnuilalii. Riccidi Dbaerred Ihe illnrainHtcd port of Ibe moBDiil>' 
St. CMEwriDC, on Ibc fourth daj alier Che new moon, to ba diMMt 
from the illuminated part of tlie mooa aboUl 1-siitcenth part at. tb» 
moon's dimneler, Viz. H* = l.siitcenlh of ab, oi'=l-eighlh of jie; 
now, if \re take tlie moon's dismelcr 21 44 miles, as we have befita 
determined, [he hdgiit of llus mounUin wilt be SJg milsa ! GbUIm 
makes UA = l-30th of ab; and Hevelius makes ma = I-SS(1i of 
At; the former of these will gire the height of the mountain SA 
miles, and the latter 3j\, miles. Dr. Herschel thinks, ■' Ital tta 
heights of the lunar mountaJus are in general greatly over-rated, and 
tliat the generality of Ihem do not exceed Imlf a mile in their pspeo- 
dicular ^eiation." On the contrary, M, Scliroeter, a learned asBi^ 
nomcr of LilienthHl, in the duchy of Bremen, hays, that there MA 
tnountaios in the moon mucli higher thsD nny on the carlb, and men- 
tions one above a rbou«md t<Nses higher than ChJinhorafO in Soulb 
America, llie same author has likewise lately published a new ifoA 
on the heights of the mountains of Venus, some of whicli lie m^ea 
■upnunli of lwenty-t]m>e tliausand (otses in height, wliich is above 
- — ■jmw tlie l»eight of ChiroboM^o! 
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V. Op Mars (?. 



IMars appears of a dusky red colour, aad though he is 
'nies apparently as large as Veuus, he never shines 
3 brilliant a light. From the dulness and ruddy 
ranee of this planet, it is conjectured that he is 
eBcompaascd with a thick cloudy atmosphere, through 
irhtch the red rayn of light> penetrate more easily than 
the other rays. This being the first planet ivithout the 
orbit of the eartJi, he exliibits to the spectator different 
a[>pearances to Mercury and Venus. He is sometimes ia 
conjunction with the sun, like Mercury and Venus, ~but 
was never knoirn to transit the sun's disc. Sometimes 
he is directly opposite to the sun, that is, he coraes to the 
meridian at midnight, or rises when the sun sets, and 
sets when the sun rises; at this time he shines with the 
greatest lustre, being nearest to tlie earth. Mars, whea 
viewed through a telescope, appears sometimes full and 
round, at others gibbous, but never horned. The fore- 
going appearances clearly shew, that Mars moves in an 
orbit more distant from the sun than that of the earth. 
The apparent motion of this planet, like tliat of Mercury 
snd Venus, is sometimes direct, or from east to west ; 
at others retrograde, or from west to east ; and some- 
times lie appears stationary. Sometimes he rises before 
the sun, and is seen in the morning ; at others he sets 
after the sun, and of course is seen in the evening. Mars 
revolves on its axis in 24> hours 39 minutes 22 seconds; 
and its poiar diameter is to its equatorial diameter as 15 
to 16, according to Dr. Herschel ; but Dr. Maskelyne, 
who carefully observed this planet at the time of opposi- 
tiODi could perceive no difference between its axes. The 
inclinutien of the orbit of Mars to the plane of the cclip' 
tic is 1^ 51'; the place of his ascending node about 18' 
in Taurus*, hia hori/.ontat parallax is said to be 23''.6; 
he perfomifl his revolution round the sun in 1 year 321. 

* TIk longitude oT the ascending noile of Mars for ihe bvginiungcf 
the year IT50WB1I 1 7^ 3S' 38' in Tmiius, and iU vsrialioD in 100 yetn 
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days 23 hours 15 minutes 44 seconds; and his apparent 
semi-diameter, at his nearest distance from the earth, is 
25"; consequently his mean distance from the sun ii 
l+iDOreSO* miles; his diameter 4218 miles; and his ma^ 
nitude a little more than ith of that of the earth,+ This 
planet travels round the sun at the rate of 55223 miles jwr 
nourl ; and the parallax of the earth's annual orbit, as 
seen from Mars, is about il degrees. As the distances 
of the interior planets from the sun are found by their 
elongations, so the distances of the exterior planets may 
be found by the parallax of the earth's annual orbit. § 

Vr. Of 



• For, 686 daya S3 boura 15 min. 44 stc. = 59354144 seconds, Ihe 
sqiiare of whichis 3522914409972736, this divided b7995S39T04T9TIS4 
Ihe seconds in a year (see the note page 141) gives 3'537S3% 
the cube root of which is 1-SB3716, the ntalii-e distance of Mara 
from the lun. Hence I '523TI86iS3882'84^363<M>-66S4 diMuice 
of Mars from the sun in seraijiam. of the earth, and 36390'ee54x 
»9S2=^14490T6S9-6 miles, thcmeui distance of Mars from the sun. 
Nqvt, if the horizontal paralJaii of Mars at the time of opposiUon bo 
23"-6, as stated by ,M. de In Caille, we have («£ PlaU If. Fig. 6.) 

Sine pso = Bine 23" '6 6-0583927 

Is to Foo'l nemi-^liaineter 0-0000000 

As radius sine of 90* 10-0000000 

IstDSG = 8741-D3senii.diBni 3-9416073 

Hence the di-itance of Man Irom the earth at the time of opposiCiaD 
is 8741 -g.-J oftheeartirssemi-diameierBiB741-93: 25": : B38B2-84; 
9"-l5 the appareot diameter of Man if seen trom the earth at a dii- 
taneo equal that of the sunj then 32" -2" ; B86149 ; : 9"-15 : 4SI8 
miles the diameter of Mara. 

t The cube of 7964, Ibe diameter of the earth, is 505119057344} 
and the cube of 421B, tlic diatneter of Mars, is 75044648239; ttu 
quotient produced by dividing the former by tlie latter, is 6-73. tie. Ihe 
magnitude of the earth is nearly seven times that of Mars. 

} For, 113 ! 355: : 144907630x2: 910481569 miles, thecireuto- 
ferenec of the orbit of Mars, and 686 days 33 h. 15 min. 44kc. 
9104BI569 m. : ! 1 h. : 55223 miles. 

§ In Flale IV. Fig- B. let s represent the sun, a the earth, and K 
Mars; now, as Ihe earth moves quicker in its orbit tlian Mars, the 
planet Mars will appear to go backward when Ihe earth passes It. 
Hius, when the earth is at t, Meis will appear among the fixed alan 
at m ; but as the earth passes from t ta e, Mars will appear to go 
from in to », though ho is in reality travelling the fame way as the 
earth trom >i to o. The place m, where Mars is seen from the earth 
among the filed stars, is called his Cedcintbic place, but the phue 



Chap. v. OF THE SOLAR SYSTEM. 



VI. Of Vesta S- 



Thig plaaet was discovered by Dr. Ol/ien, of Bremen, 
on the 29th of March, 1807; its distance from the sun is 
225*35000 • miles, and the length of its year, 3 years 
240 days 5 hours. Vesta appears like a star of the fifUi 
magnitude. 

VU. Of Jono /. 

Juno was discovered by Mr. Harding, of Lilienthal, 
in the duchy of Bremen, on the first of Septemher, 180*. 
It appears hkeastar of the eighth magnitude ; its distance 
from the sun is 253380485 miles, and its periodical revo- 
lution is performed in 4 years and 131 days. 

Vm. Os Ceres?. 

Ceres was discovered by M. Piazzi, astronomer royal, 
at Palermo, in the island of Sicily, on the first of January, 
1801. The length of its year is four years 221 days 
13 hours ; iU distance from the sun is 262903570 miles, 
and its diameter, according to Dr. Herschel, is about 
162 mites. Ceres appears like a star of the eighth mag- 
nitude. 



f, where be would liu s«en from the sun, is called his Heliocekikic 
place, and the arc m p, wliich U the dilference between his apparent 
and true place is ciUled the Fahallak of the EAiLtu's anhual 
OnBR. Now, u this angle may be determined from olnenBtiiin, 
and is known to be about 41"; in the right.ang[ed triangle sem, we 
liB*e giicn »>*S38BG'S4 Eemi-dlamclera, the distance of Iba eordi 
from the BUD, (be angle au inemurifd by the arc m t^41°, to find 
m ^ 3(i40S '49 semi-^amelcrs of tlw earth, the dutance of Mars from 
the aun. According to M. Laplace, tlie sidereal revolution of Mars 
ia poribrracd in 686'9796I9 days, and his mean distance from tbe sun 
ii I'Si-X^I. 

• Mean diilance 3-!IT3. The mean diitanfe of Juno U S-66TI63, 
of Crra a-T6740fi, of Fallot 2'76T592 according to Lajilace, and the 
periods wtiich ore given from the same author, we uduieal periods. 
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IX. Of Pallas $. 



Pallas was discovered by Dr. Olbers, on the 28th of 
March 1S02. The length of its year is 4 years 221 days 
1? faaurs ; and its distance from the sun 262921240 miles. 
Pallas appears like a star of the seventh magaitude, and 
its diameter is stated to be about 110 miles. 



X. Of JupitehI/, and his Satellites, Sfo. 



<t^S^ 



Jupiter is the largest of all the planets, and. not , 

staniung his great distance from the sua and the earthy 
he appears to the naked eye lUmost as large as Venus, 
' though his light is something less brilliant. Jupiter, 
I when in opposition to the sun, (that is, when he comes to 
the meridian at midnight, or rises when the sun sets, and 
seti when the sun rises,) is much nearer to the earth than 
I he is a little before and after his conjunction witJi the 
I sua; hence, at the time of opposition, he appears larger 
and more tuminoue than at other times. When the Iob- 
gilude of Jupiter is less than that of the sun, he will be ft. 
morning star, and appear in the east before the sun risei{i 
' but, when his longitude is greater than the sun's lon^r 
tude, he will be an evening star, and appear in the west 
after the sun sets, Jupiter revolves on his axis in 9 boon 
56 minutes, whicli is the length of his day ; but as Wb 
axiR is nearly perpendicular to the plane of his orbit, he 
has no diversity of seasons. Jupiter is surrounded &j> 
faint substances called zones or belts ; which, from th6if 
frequent change in number and situation, -are generally 
supposed to consist of clouds. One or more dark spoU 
frequently appear between the belts.; and when a halt 
disappears, the contiguous spots disappear likewise. The< 
time of the rotation of the different spots is variable, 
being less by six minutes near the equator than near, the 
poles; Dr. Merschel has determined, that not only ths 
times of rotation of the different spots vary, but that tbv 
time of rotation of the same spot (between -the 25tli of 
February 1773 and the 12th of April) varied from 9 
hotm 
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hourE 55 rainutes 20 seconds, to 9 hours 51 minmes 35" 
secondl. 

The incliDatian of llie orbit of Jupiter to the plane of 
the ecliptic is 1° IB' 56" ; the place of hisaGcendingnade 
about 8 degrees in Cancer*;, tuid he performs his revolu- 
tion round the snnin 11 years 315 days 14h.27m. Usee, 
moving at the rate of 39894> miles per hour, his mean 
distance from the sun being 494499108 miles, f Jupiter, 
at his mean distance from the earth, at the time of op- 
position, subtends an angle of 46'', hence his real diame- 
ter is 89069 milesj ,- and his magnitude 1400 times that 
of the earth. § Tlie light and heat which Jupiter receives 
from the sun is about ^j of the light and heat which the 
eMh receives, || 

On account' of the great magnitude of Jupiter, and his 
quick revolution on his axis, he is considerably more 

• The plnce of Jupiter's ascending nDdB for the begimilng of the 
year 1750 wm 1° 55' 32" in Cancer, and its variation in 100 years is 
59' atf'. Vmce'i Astronmny. 

+ Per, 4880ilayal1bowra '7 min. II sec =974164031 second^ 
IlieiqnaiecidFTriiichis 19^9879^9416896! ; this divided by 995839 
70479718^ tlw square of the seconds in a year, (see IhB note pugs 
HI) give» 140-5835913, the cube root of whidi is S'1997, ilie relatiya: 
dittance of Jupiter fVom tiie sun. Hence. 23882-84 x 5-1997= 
124le:)-E03HH distance of Jupiter from the sun in semi-diameters of 
the cBrthi and 1241 83-603148 y. 3982 = 494499107-7 miles, tiia 
mean diiUnce of Jupiter from the aun. Accraxlina to io;rfaiM the- 
HcktEil period of Jupituis 433G-59G308 days, and hia mean distance 



14 h. 27roin. 11 sec. : 3107099791 : :1b.: 29894 miles. 

f 4»«49»10a — 95101468 miles the distance of the eartfa.fram tha 
nio, =>3999Sr7S40di£UneooftliecBtth from Jupiter. Now, hy tho 
lUleof tluw in«r!*ly, 399397640:46": : 95101468 : 193" -1862, 
th« Bfipamit -diuneur of Juirilcr at a distance fVom tbe eorlli equal 
todMtofthenm. H«nce rus in Ibe note, page 14s) ^2' 2" -. S86149 
! ; ItA" -ISOT: 89069-5 niilea, the diameter of Jupiter. 

i Vm, if thi' cube of tlie (Uametcr of Jupiter be divided by the 
Cuba of the diaraeter uf Ibe earth, the quutietit nill be 1398-9^ 140O 
n™rty. 

II If Ik vftnx of die mean distance of Jujn'tet from die sun be 
diridad by tba sijuan of' tbe mm> distance of the earth from the sun, 
Ule q^uotinit will be ST. 

■; flatted 
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flatted at the poles than the earth is. The ratio between 
his polar and equatorial diameters, has been differently 
, stated by different astronomers : Dr. Pound makes it as 
12 to 13; Mr. Short, as 13 to 14; Dr. Bradley, as 12i to 
13J; and Sir Isaac Kewton (by theory} as Sy to lOj. 



0/tke Satellites of Jupiter. 



of 



Jupiter is attended by four satellites or moc 
wliicn revolves round him in a manner similar to that of 
the moon round the earth. The times of their periodical 
revolutions round Jupiter, and their respective distances 
from his centre, are given in the following table ; * 







Distance from 


Uislance from 




Periodical revolution 




Jupiter in 






diamelers. 


EtigUdimila. 


I. 


d. h. m. sec 

1 . 18.27-33 


5-67 


252510 


II. 


3 . 13 . 13 . 42 


9-00 


400S10 


UI. 


7 . 3 . 42 . 33 


14-38 


640406 


IV. 


16.16.32. 8 


25-30 


1126723 



The satellites of Jupiter are invisible to the naked eye ,- 
they were first discovered by Galileo, the inventor of 
telescopes, in the year 1610. Thiswas an important dis- 
covery; for, as these satellites revolve round Jupiter in 
the same direction which Jupiter revolves round die &W, 
they are frequently eclipsed by his shadow, and afford 
an excellent method ol finding the true longitudes of 



• The second aod third columns in iJie abote table are capri 
from M- de la Lande, and the fouttli is found by multiplying tha 
numbera in the third column by 44534-5, being the half of 89069, 
the lUuneter of Jupiter. 'Hie distances of the salellites from the 
centre of Jupiter may be found at the Ihne of their greatest climg- 
otioni, by measuring their distances from the centre of Jupiter, and 
■lao the diameter of Jupiter with a micromaler. liien Esy, •■ Ibe 
apparent diameter of Jupiter (by the micrometer) is to his real dia- 
meter, so is the apparent diiUnce of the satellite lo its real distance. 
Or, having determined the periodical times of the satellites, and the 
distance of one of ihein from the sun, tlie distances of all the rest may 
be found by Kepler's rule, as in page 141. 

plMM 
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places on the land. To these eclipses we likewise owe 
the discovery of the progressive motion of light, and 
hence the aberration of the fixed stars. 

The satellites of Jupiter do not revolve round him in 
the same plane, neither are their nodes in the same 
place. These satellites appear of different magnitudes 
and brightness, the fourth generally appears the smallest, 
but sometimes the largest, and the apparent diameter of 
its shadow on Jupiter is sometimes greater than the satel- 
lite. M. Cassini and Mr. Pound supposed that the satel- 
lites of Jupiter revolved on their axes ; and Dr. Herschel 
has discovered that they revolve about their axes in the- 
tUne in which thev respectively revolve about Jupiter. 

The first satellite is the most important of the four^ 
from Its numerous eclipses. The times of the eclipses of 
the satellites of Jupiter are calculated for the meridian of 
Greenwich, and inserted in the Illd page of the Nau- 
tical Almanac for every month, and their configuration. 
or appearances, with respect to Jupiter, are inserted in 
page XIT Ao the pailh iiiriiH on its axis from west to 
east at the rate of 15 degrees in an hour, or one degree- 
in four mirmtes of time, a person one degree westward 
of Greenwich will observe the immersion or emersion of 
any one of the satellites of Jupiter four minutes later 
than the time mentioned in the Nautical Almanac ; and, 
if he be one degree eastward of Greenwich, the eclipse 
will happen four minutes sooner at his place of observation 
than at Greenwidi, These eclipses must be observed 
with a good telescope and a pendulum clock which beats 
seconds or half-seconds. 

The configurations of the satelUtes of Jupiter at nine 
o'clock at night in the month of March, and in the year 
1813, are given in the Xllth page of the Nautical Almanac 
as in the tallowing page ; an explanation of which will 
render the Xllth page of that work intelligible to a young^ 
student for an^ other year and month. 

Jupiter is distinguished by the mark Oj ond the satel- 
lites by points with figures annexed ; the figure 1 signify- 
ing the first satellite, 2 the second, &c. When the 
satellite is approaching Jupiter, the figure is placed be- 
nrsea Jupiter and the point ; and when the satellite is 
i receding 



^TH£,80LAa BV3TBM. 



receding from Jupiter, the point is placetL between ttWt 
Gplie andjupiter. I^^H 



10. 


1*. 


*M Q 


1 


n. 




o 


1 -4 '-■ ^ 
2d3 




12. 


2* 


I.o 


3cS* 


13. 




■'- o 


1 -4 
3- 


18. 


i.o 


o 


■3 -2 
4- 


19. 


2»*» 


1. o 


•3 


20. 




.^ o 


■1 

3. 



On ihe tertth day of the month, givon uhnvp. iVia first 
BEtellite is ecUpsed at nine at night ; the second, third* 
and fourth satelJites are on the left hand of Jupiter, and 
are approaching the pionet. 

On the dffoenth day of the mwith, atthe same hour, th«- 
first and fourth satellites are on the right hand of Juptts', 
and are receding from him ; the second and third ere alsa 
on the right hand, and in conjunction, or appear as one. 

On the txoelflh day, the second- satellite will be eclipsed, 
the first will be on the left-hand, receding from the planet, 
and the third and fourth on the right hand, in conjunct 
tion.. 

On the eighteenth day, the first satellite will appew 
like a bright spot on the disc of Jupiter ; the second and 
third will be on the right hand receding from the planet« 
and the fourth on the right hand, approaching the planet. 

On the nineteenth day, the second and fourth satelhtes 
will be eclipsed ; the first satellite will appear on the left 
hand, and the third on the right hand, both of tliem re- 
ceding from Jupiter. 

By observations on the satellites of Jupiter the pro- 
gressive motion of light was discovered ; for it has been 
fouud 
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foand by repeated experiments, that, when the earth is 
exactly between Jupiter and the sua, the eclipses of 
Jupiter's satellites are seen 8J minutes sooner than the 
time predicted by calculating from astrononiical tables, 
truly constructed ; and when the earth is nearly in the 
opposite point of its orbit, these eclipses happen about 
8^ minutes later than the time predicted; hence it is in- 
ferred, that light takes up about 16^ minutes of time to 
pass over a space equal to the diameter of the earth's an- 
nual orbit, which is 190 millions of miles, or double the 
distance of the earth from the sun ; for if the effects of 
light were instantaneous, the eclipses of the satellites 
would in all situations of the earth in its orbit happen 
exactly at the time predicted by calculation. 

XI. Of Satubn ^ , hU Satellites and Ring. 

Saturn shinea with a pale, feeble light, being the 
farthest from the sun of any of the planets chat are visible 
without a telescope, Thig planet, when viewed through 
a good telescope, always engages the attention of the 
young astronomer by the singularity of its appearance. 
It is surrounded by an interior and exterior ring, beyond 
whicli are seven satellites or moons, all, except one, ia 
the same plane with the rings. These rings and satellites 
are all opaque and deise bodies, like that of Saturn, and 
shine only by the light which they receive from the sun. 
The disc of Saturn is likewise crossed by obscure zones 
or belts, like those of Jupiter, which vary in their figure. 
according to the direction of the rings. Saturn performs 
his revolution round the sun in 29 years 17* days 1 hour 
51 minutCB 11 Bcconds"; hence his mean distance from 
the sun is 907089032 milesf ; and his progressive motioa 
in hia orbit is 22072 miles per hour. 

The 



* Laplaiv Mate* the stdcml period of Saturn to be IOTii8.969S4 
day*, and hia mean disUnn: (torn the sun 9.5S8TT; see aim Jtrfs^ 
tt' ArtrtnaimU, i>ar if, Delambrt, page 459. Paris, IB1». 

+ FoflOTSUd. Ih. SI mill. It sec. = 929584271 Beconds, thesqoare 
of wlikh lV8641269ie8!)06OM'lI, thia divided by 995839701797184, 
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The inclination of the orbit of Saturn to the plane of 
the ecliptic is said to be a' 29' 50", and the place of his 
ascending node about 21 degrees in Cancer.* 

Saturn, at his mean distance from the earth, gubtends 
an angle of 20" ; hence his real diameter is 78730f mileB, 
and his magnitude 966 % times that of the earth. The 
light and heat whicli this planet receives from the sun is 
about -TBc pift^ k of t^he light and heat which tlie earth 
receives. 

According to Dr. Herscliel, Saturn revolves on his asia 
from west to east in 10 hours 16 min. 2 sec. and this axli 
is perpendicular to the plane of his ring. The equatorial 
diameter of Saturn, viz. the diameter in the direction of 
the ring, is to the polar diameter, viz. the axis, as 11 
to 10. 

Of the Satellites of Saturn. 

Saturn is attended by seven moons ; the fourth was dis- 
covered by Huygens, a Dutch mathematician, in the 
year 1655. The Jirst, second, third, anAJiflh, were dis- 
covered at different times, between the years 1671 and 



the square of the seconds in a year (ace the note page 141) gm( 
867.736958, the cube ™>t of which ia 9.5381 18, the reUdTediBtancerf 
SalurD from [he tun. Hcnce9388S.S4 :< 9.5SUS^a2T79T.34S0921% 
distance of Saturn from tlie sun in seiai-diamelcra of llie eu^ ; and 
22TT97.34GO9512x:l9e2^SO70S9O32.15mi1i^ the mean distance of 
Salumfrom (he sun. 113 i 355; ; 907089033 >c 2 ; 5699«)B962.1i3S 
miles circumference of the orbit of Saturn. Then, 
10T59 d. 1 h. 51 m. II sec. : 5699408962 miles : : I b. : S30T2 n^lM 
which Saturn moves ;jn- hour in hia orbit. 

• The place of Saturn's ascending node for the beginning of the 
year 1750 was ai° 33' 22" in Cancer, and its varia^on in 100 jeanil 
S^ 30*. Vince'a Aalronmay. 

\ 907089033—95101468 railcg, the distance of the eorth from the 
sun, — 811987564 miles diataoce of the earth from Jupiter. Now, 
inveisely, 8119B7S64 ; 20": : 951014C8 : 17o''.762, the apparentdia- 
meter of Saturn at a distance from the earth equal to [hat of tlia sun 
(bf the note page 142) ; 32' 2" : 686149 : : 170". 762 : T8TS0 miki, 
the diameter of Saturn. 

t Found by dividiug [he cube of tlie diameter of Saturn by the Cuba . 
of the diameter of (he earth. 

§ Found by dividing the square of the mean distance of SatumbolB 
.n by the square i^ the earth's mean distance from llie tun.. 
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1685, by CassJni, a celebrated Italian astronomer. The 
sixth and geveatk satellites were discovered by Dr. Hers- 
chel in the year 1787 and I7S9. The two satellites dis- 
covered by Dr. Herschel are nearer to Saturn than the 
other five, and therefore should be called Hie^firsl and 
second; but to disting-uish them from the otlier satellites, 
and to prevent confusion in referring to former observ- 
ations, tney are called the sixth and seventh satellites. 
The seventh satelHte, which is nearest to Saturn, was 
discovered a. short time after the sixth. In the following 
table, the satellites are arranged according to 'tlieir re- 
spective distances from Saturn, and the Roman figures in 
the left Iiand column shew the number of the satellite. 
The figures between the parentheses shew tlie order in 
which they ought to bo numbered. 









Distance from 














SbwI 


IB. 


Pcriodii-al revolution. 


te™f^^r^- 


SxurtiinEn. 
glisli iniUs. 












vn. 


(1 


. 22 . 37 . 23 


3.080 


1212+4 


VI. 


(a 


1 . 8 . 53 . 9 


3.952 


1SS570 


J. 


(« 


1 .21 . 18.27 


+.893 


192613 


n. 


(+ 


2. 17 .44.51 


6.268 


2467+0 


III. 


(.'31 


4. . 12 . 25 . 11 


8.754 


3+4601 


IV. 


(fil 


15 . 22 . 41 . 16 


20.295 


79S9I2 


V. 


(71 


79 . 7 . 53 . 43 


59.15+ ■ 


2328597 



The first, second, third, and fourth satellites, as well as 
the sixth and seventh, are all nearly in the same plane 
with Saturn's ring, and are inclined to the orbit of Saturn 
in an angle of about 30 degrees ; but the orbit of the 
fifth satellite is said to make an angle of 15 degrees with 
the plane of Saturn's ring. Sir Isaac Newton conjec- 
tured " that the fifth satellite of Saturn revolved round its 
axis in the same time that it revolved round Saturn; 
and ilie truth of his opinion has been verified by the ob- 
servations of Dr. HerscheU 



> FrinsipU, Book IlL Prof, uii. 
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Of Saturn's Ring. 
The ring of Saturn is a thra, broad, and opaque circular 
arch, BUrrouniling the body of the planet without touch- 
ing it, like tjie wooden horizon of an artificial globe. If 
the equator of the artificial globe be made to coincide 
ffhh the horizon, and the globe be turned on its axis from 
vest to east, its motion will represent that of Saturn on 
its axis, and the wooden horizon will represent the ring, 
especially if it be supposed a little more distant from the 
globe. The ring of Saturn was first discovered by Huy- 
gens ; and when viewed through a good telescope, appears 
double. Dr. Herschel.says, that Saturn is encompassed 
by two concentric rings, of the following dimensions. 

-Inner diameter of the smaller ring - - 146345 

Outside diameter of ditto - - - I8439S 

Inner diameter of the larger ring - - 190848 

Outside diameter of ditto - - - 204883 

Breadth of the inner ring - - - 2OO00 

Breadth of the outer ring - - - "7200 

Breadth of the vacant space, or dark zone between 

the rings . - . . . gggg 

The ring of Saturn revolves round the axis of Satuni, 
and in a plane coincident with the plane of his equator, 
in 10 hours 32 min, 15.4 sec. The ring bemg a circle, 
appears elliptical, from its oblique position; and it ap- 
pears most open when Saturn's longitude is about Ssigns 
17 degrees, or 8 signs 17 degrees. There have been 
various conjectures relative to the nature and properties 
of this ring. 

Xn. Of the Georgittm Sidus, or Herschbl y, 

and its SatellUes. 
The Georgian is the remotest of all the known planets 
belonging to the solar system ; It was discovered at Bath 
by Dr. Herschel on the 13th of March, 1781. This planet 
is called by the English the Georgium Sidus, or Georgiaf', 
a name by which it is distinguished in the Nautical 
Almanac. It is freqently called by forelgDers Hersckd, 
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in honour of the discoverer. The royal academy of 
Prussia, and some others, called it Ouraaas, because the 
other planets are named from such heathen deities as 
were relatives : thus Owanus was the father of Saturn, 
Saturn the father of Jupiter, Jupiter the father of Mars, 
Ac. This planet, when viewed through a telescope of a 
small magnifying jiower, appears like a star of between the 
€th and 7th magnitude. In a very fine clear night, in the 
absence of the moon, it may be perceived, by a good eye, 
without u telescope. Though the Georgium Sidua was 
not known to be a planet till the time of Dr. Herschel, 
' vet astronomers generally believe that it has been seea 
long before his time, and considered as a fixed star. * 

1^ so recent a discovery of a planet at such an immenBe 
distance, the theory of its magnitude, motion, &c. must 
be in some degree imperfect. Its periodical revolution 
round the sun is said to be performed in 83 years 150 days 
J8 hours f: the ratio of its diameter to that of the earth, 
is as 4.SZ to 1 ; consequently its magnitude is upwards of 
eighty times that of the earth. 

The Georgian placet is attended by six satellites ; their 
periodical revolutions and times of discovery are as follow; 

d. h. tn. s. 
L ornearest, revolves in 5 21 25 0, discovered in 1798. 
IL - - 8 17 1 19, discovered in 1787. 

ni. - - 10 23 4 0, discovered in 1798. 

IV. - - 13 11 5 li, discoveredin 1787. 

V. - - - 38 1 49 0, discovered in 1798. 

VI. - - 107 16 40 0, discoveredin 1798. 



• According ta F. de Zsch's account of Uii^ planet in the MenuHrs 
of tlie Brussels Academy, 1785, there was then in tlie library of dte 
Prince of t.)range, four observations of (his planet considered asastar, 
in a catalogue Ol observationii wriMen by Tycho Brahe : but, as Tycho 
was not acquainted with the use of teteacopei, BOme wncen contend 
(hat he could not see it; whilu others roaiotain that, as he has marked 
at«n which are not greater Ihon this pUmet, he might certainly have 
■wn it Thii planet was likewise seen by Profassor Mayer of Gottin. 
'"{(■^ biheyear ITJK, being tlie 964th star of his catalogue. 

if According to Jjiptace, tlie sidereal period of the Georpim is 
90fiS8.71S6H7 days, and its mean distance from Hie earth lg.Jtt3305. 
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All these satellites "ere discovered by Dr, Herscliel ; 
their orbits are said to be nearly perpendicular to the 
ecliptic, and what is more singular, they perform their 
revolutions round the Georgian planet in a retrograde 
order, viz. contrary to the order of the signB. 



I 'i« 



On the Nature of Comets ! the Elongations, Sialionmy, 
find Retrograde Appearances of I he Planets i andonm 
ilipses of the San and Moon. 

1. On Comets. 
HOUGH the primary planets already dei^cribed, and 
their satellites, are considered as the whole of the regular 
bodies which form tlie solar system, yet that system it 
sometimes visited by other bodies, called comets, vrhid 
are supposed to move round the sun in elliptical orbits. — 
These orbits arc supposed to have the sun in one foci, 
like the planets; and to be so very eccentric, that the 
comet becomes invisible when in that part of iXM orbit 
which is the farthest from the sun. It is extremdy dit 
ticult to determine the elliptic orbit of a comet, with any 
degree of accuracy, by calculation ; for, if the orbit M 
very eccentric, a small error in the observation will cbao^ 
ihe computed orbit into a parabola or hyperbola; iM 
from tile thickness and inequality of the atmosphere witb 
which a comet is surrounded, telescopic observation OB 
them are always liable to error. Hence the theory of the 
orbits, motions, &c. of comets, is very imperfect ; aad 
though many volumes have been written on the subject*, 



• The latent wrilings on tlie bubjocE of came» nre M. PSnpA 
Com(>togr»phie, in iwo vols, 4lo., and Sir Henry Englefleld's worib 
entitled, " On the Detenniiulian of the Orbits uf Cwnets. " A «dl 
mitten artitie or Cometa may be seen in Dr. Htcs" Neji- (^clepedk, 
together with the elemenW of ninety-seven of Ihem, Hnd Ihc nunei rf 
die aulhon who have calculated their orbita. 

thej 
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they are chiefl/ founded on conjecture. The unexpected 
appearance or the comet in 1807 tutly conttrms this as- 
sertion, and will doubtless give rise to a variety of new 
calcuJations, and new hypotheses, which, like former ones, 
for want of sufficient data, will disappoint the expectations 
of succeeding astronomers. Tlie same observations will 
apply to the very brilliant comet which appeared in the 
months of September, October, and November, 1811. 
Among all the different comets that have appeared, the 
period of only one of tliem is known with any degree of 
accuracy, viz. that which wa§ observed in 1531, 1607, and 
1682, being about 76 years. The comets, Sir Isaac New- 
ton ■ observes, are compact, solid, and durable bodies, or 
a kind of planets which move in very oblique and eccentric 
orbits every way with the greatest freedom, and preserve 
■ heir motions for an exceeding long time, even where con- 
trary to the course of the planets. Their tail ia a very 
thin and sleadour vapour, emitted by the head or nucleus 
of the comet when ignited or heated by the sun. 



1 



IL Of the ELONfiATioHs, &c. of the intquidr 

Planets. 



DR ^^H 



Let T, K, e, (Plate IV. Fig. 8,) represent the orbit 
the ea^; a, lo, v, x,f, g, h, the orbit 
planet, as Mercury or Venus, and s the sun. 

Let T represent the earth, s the sun, and a Venus at 
the time of her inferior conjunction ; at this time she will 
disappear like the new moon, because her dark side will 
be turned cowards the earth. While Venus moves from 
a towards lo she appears to the westward of the sun, and 
becomes gradually more and more enlightened (having 
all the diflerent phases of the moon). When she arrives 
at V, her greatest elongation, she appears half enlightened, 
like the moon in her hrat quarter; at this time she shines 
Very bright. -j- From her interior to her superior coa- 
juuction, viz. from her situation in that part of her orbit 

* Muly inlemting partjculan respecting the nature of comets, &r. 
tnay be Icuned by relerriiig to t)ic bltcr end of the third book of 
Mewion'i Piincipia. 

f Veniu ^Tcn the greatest quantity of light to Ibe earth wbea*>>er 
«lonntiou i* 39" 41'. Fiacr'i Fluiiom. 

I I which 
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which is directly between the earth and the sun as at 
a, to her situation in that part of her orbit in which the 
sun is between her and the earth ; she rises before the 
sun in the morning, and is called a morning star. From 
her superior to her inferior conjunction she shines in 
the evening afler the sun sets, and is then called an 
evening star. 

From the greatest elongation of Venus when westward 
of the sun, as at v, to her greatest elongation when east- 
ward of the sun as at g, she will appear to go forward in 
her orbit, and describe the arc vwhg amongst the fixed 
stars ; but from g to v she will appear retrograde •^ or re- 
turn to the point v in the heavens in the order ghwv. 
For when Venus is at^ she will be seen amongst the 
fixed stars at h, and when at g she will appear at 6: 
when she amves at h she will again appear at h in the 
heavens. Hence in a considerable part of her orbit be- 
tween J' and A, and between tv and j:, she will appear 
nearly in the same point amongst the fixed stars, and at 
these times is said to be stationary. 

\Mien a planet appears to move from the neighbour- 
hood of any fixed stars, towards others which lie to the 
eastward, its motion is said to be direct; when it proceeds 
towards the stars which lie to the west, its motion ii 
retrograde ; and when it seems not to alter its position 
amongst the fixed stars, it is said to be stationary. 

If the earth stood still at t, the planet Venus would 
seem to make equal vibrations from the sun each way, 
forming the equal angles ^ts and vts, each 4*7^ 48', her 
greatest elongation, and the stationary points would always 
be in the same place in the heavens ; but it must be re- 
membered that, while Venus is proceeding in her orbit 
from a towards x, the earth is going forward from t to- 
wards E ; hence the stationary points, and places of con- 
junction and opposition, vary in every revolution. 

What has been observed with respect to Venus, may 
be applied with a little variation to Mercury. 



• The stationary and retrograde appearances of the inferior planets 
are nearly illustrated by a small orrery, made and sold by Messrs. 
Wm. and S. Jones, Mathematical Instniment-makers, Holbom. 

ni.oi 
s 
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Because the earrli's orbit is contaiDed within the orbit 
of Mars, Jupitev, &'C. they are seen in all sides of the 
heavens, and are as of^en m opposition to the sun as in 
coajunction with him. Let the circle in which t is situ- 
ated (Plate IV. Fig. 8.) represent the orbit of the earth, 
and that in which m is situated the orbit of Mars. Now, 
if ihe earth be at t when Mara is at m, Mars and the sun 
will be in conjunction, but if the earth be at t when Mars 
is at M, they will be in opposition, viz. the sun will appear 
in the east when Mars is in the west. If the eartfi stood 
still at T, the motion of the planet Mars would always 
appear direct ; but the motion of the earth being more 
rapid than that of Mars, he will be overtaken and passed 
by the earth. Hence Mars will have two stationary and 
one retrograde appearance. Suppose the earth to be at e 
when Mars is at m, he will be seen in the heavens among 
the fixed stars at m ; and for some time before the earth 
has arrived at e, and after it has passed b. he will appear 
nearly in the same point m, via. he will be stalionary. 
WTiile the earth moves through the part zt e of its orbit, 
if Mars stood still at m, he would appear to move in a 
retrograde direction through the arc m p r n, in the 
heavens, and would again be stationary at n ; but if, durinj- 
the time the earth moves from e to e, Mars moves from 
M to o, the arc of retrogradation would be nearly ni r r. 

The same manner of reasoning may be applied to Ju- 
piter and all the superior planets. 

IV. On Solab a>.'i> Lunae Eclipses. 
An eclipse of the sun is occasioned by the dark body of 

the moon passing between the earth and the sun, or by 

the shadow of the moon falling on the earth at the place 
i{ where the observer is situated ; hence all the eclipses ol' 
, the sun happen at the time of the new moon. Thus, let s 
I represent the sun, [Plate II. Fig. 6.) m the moon between 

tlie earth and the sun, a b g i a portion of the earth's 
I orbit, e and _/" tn'o places on the surface of the eartii. 

The dark part of the moon's shadow is called the ambra, 
i .and the light part the penumiira i now it is evideat that 
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if a spectator be situated in that part of the earth where 
the umbra falls, that is between e sndj', there will be 
a total eclipse of the sun at that place ; at e and y" in the 
penumbra there will be &partial eclipse ; and beyond the 
pOQumbra there will be no eclipse. As the earth is not 
always at the same distance from the moon, if an eclipse 
should happen when the earth is so far fi-om the moon 
that the lines r e and cf cross each other before they 
come to the earth, a spectator situated on the earth, in a 
direct Une between the centres of the sun and moon, 
would see a ring of light round tlie dark body of the 
moon, called an annular eclipse ; when this happens there 
can he no total eclipse any where, because the moon's 
umbra does not reach the earth. People situated in the ' 
penumbra will perceive a partial eclipse. 

Accordmg to M. de Sejour, an eclipse can never be 
annular longer than 12 min. 24 sec, nor total longer than 
7 rain. 58 sec. If the moon be exactly in her node, the 
centre of her shadow will pass over the centre of the 
earth's enhghtened disc, and describe a diameter; if the | 
moon has latitude, the centre of her shadow will describe 
a chord on the circular disc of the earth, varying in i 
length according to her latitude : hence, the duration of i 
a solar ecliiise depends ou the length of the line which ' 
the centre of her shadow describes, the proximity of the ' 
place to the centre of the earth's disc, and the velocity of 
the moon's motion. 

As the sun is not deprived of any part of his light du^ 
iug a solar eclipse, ano the moon's shadow, in its passage 
over the earth tro^ west to east, only covers a small part 
of the earth's enlightened hemisphere at once, it is evi- 
dent that an eclipse of the sun may be invisible to some 
of the inhabitaots of the earth's enlightened hemisphere, 
and a partial or total eclipse may be seen by others at the 
same moment of time. 

All eclipse of the moan is caused by her entering the 
earth's shadow, and consequently it must happen when 
she is in opposition to the sun, thaf is, at the time of full 
moon, when the earth is between the sun and the nfhon. 
Let s represent the sun [Plate ll. Fig. 6.), EC the earth, 
and in the moon in the earth's umbra, having the earth 
between her and the sun ; oep and kcf the penumbra. 
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Now, tlie nearer any part of the penumbra is to the um- 
bra, the less light it receives from the sun, ae is evideot 
from the figure ; and as the moon enters the penumbra 
before she enters the umbra, she gradually loses her light 
And appears less brilliant. 

The duration of an eclipse of the moon, from her first 
touching the earth's penumbra to her leaving it, cannot 
exceed 5^ hours. The moon cannot continue in the 
earth's umbra longer than 3| hours in any eclipse, nei- 
ther can she be totally eclipsetl for a longer period than 
1 J hour. • As the moon is actually deprived of her light 
during an eclipse, every inhabitant upon the face of t he 
earth who can see the moon will see the eclipse. ^^M 

Gekeral Observations on Eclipses. ^^H 
If the orbit of the earth and that of the moon were 
both in the same plane, there would be an eclipse of the 
sun at every new moon, and an eclipse of the moon at 
every full moon. But the orbit of the moon makes an 
angle of about 5J degrees with the plane of the orbit of 
the earth, and crosses it in two p^iiuts called the nodes : 
now astronomers have calculated that, if the moon be less 
than 17° 21' from either node, at the time of new moon, 
the sun may be eclipsed; or if less than 11° 34' from 
either node, at the full moon, the moon mt^ be eclipsed ; 
at all other limes there can be no eclipse, for the shadow 
of the moon will fall either above or below the earth at the 
time of new moon : and the shadow of the earth will fall 
either above or below the moon at the time of full moon. 
To illustrate this, suppose the right hand part of the 
moon's orbit (Plate II. Fig. 6.) to be elevated above the 
plane of the paper, or earUi's orbit, it is evident that the 
earth's shadow, at full moon, would fall below the moon; 
the left-hand part of the moon's orbit at the same time 
would be depressed below the plane of the paper, and the 
shadow of the moon, at llie time of new moon, would fail 
below the earth. In this case, the moon's nodes would 
beAc tween £ and a, and between o and b, and there 

' EnerHon'i Anrooomy, aect. T. page 399. 
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would be no eclipse, either at the full or new moon : but 
if the part of the moon's orbit between g and b be elevated 
above the plane of the paper, or earth's orbit ; the part 
between e and a will be depressed, the line of the moon's 
nodes will then pass through the centre of the earth and 
that of the moon, and an eclipse will ensue. * An eclipse 
of the sun begins on the western side of his disc, and ends 
on the eastern; and an eclipse of the moon begins on the 
eastern side of her disc, ana ends on the western* 

Number of Eclipses in a Year. 

The average number of eclipses in a year is Jbury two 
of the sun and two of the moon ; and, as the sun and moon 
are as long below the horizon of any particular place as 
they are above it, the average number of visible eclipses 
in a year is two, one of the sun and one of the moon ; the 
lunar eclipse fretjuently happens a fortnight after thfe solar 
one, or the solar one a fortnight after the lunar one. 

The most general number qfeclipsesy in any year ^ is Jour; 
there are sometimes six eclipses in a year, but there cdnnot 
be more than seven, norjewer than ttoo* 

The reason will appear, by considering that the sun 
cannot pass both the nodes of the moon's orbit more than 
once a-year, making four eclipses, except he pass one of 
them in the beginning of the year ; in this case he mat/ 
pass the same node again a little before the end of the 
year, because he is about 173 f days in passing from one 
node to the other ; therefore he may return to the same 
node in about 346 days, which is less than a year, mak- 



* If you draw the figure on card-paper, and cut out the moon, ber 
shadow and orbit, so as to turn on the line a e o 6, &c the above illus- 
tration will be rendered more familiar. 

f The moon's nodes have a retrograde motion of about 1 9^ degre€» 
in a year (see page 148) therefore the sun will have to move (180 — 

— -=) 170j degrees from one node to the other. But it has been 

shewn in a preceding note (see page 15), that the sun's apparent 
diurnal motion is about 59' in a day; hence 59' : 1 day : : 170|° *. 
1 73 days. 

ing 
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iitg aixeclipEes. As twelve lunations •, or 35t days from 
tile eclipse in the beginning of the year may produce a 
new moon before the yettr is ended, which (on account 
of the. retrograde motion of the moon's node) mat/ fail 
witlun the solar limit, it is possible for seven eclipses to 
Iiappenin a year, five of the sun, and two of the moon. — 
When the moon changes in either node, she cannot be 
near enough to tlie other node at the time of the next 
full moon to be eclipsed, and in six lunar months after- 
wards, or about 177 daysj she will change near the other 
node ; in this cose there cannot be more than two eclipses 
in a year, and both of the sun. 

The ecliptic limits of the sun are greater than those of 
the moan, and hence there will be more solar than lunar 
tclipses, in the ratio of 17" 21' to 11° 34', or nearly of 
3 to 2 ; but more lunar than solar eclipses are seen at any 
given place, because a lunar eclipse js visible to a whole 
hemispliere at once ; whereas a solar eclipse is visible 
only to a part, as has been observed Jjefoie, and therefore 
there is a greater probability of seeing a lunar than a sol 
t'chpse. 



I 



0/" llie Calendar. 

Thk Calkkdar is a distribution of time as a 
dated to the various uses of life, and contains the division 
of the year into months, weeks, days, &c. distinguishing 
the several festivals and other remarkable days. The 
manner of reckoning time now in use was instituted by 
Pope Gregory in 1582, and adopted in England in 1752, 

The Common Notes for the year, usually given m our 
Almanacs, are, T/ie Cycle iif the Moon, or Golden Number ; 
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the Epaci : the Cycle of the Sun and the Dominical Letter: 
the number i^' Direction; and the Homan Indiclion. * 

I. The Cycle of the Moon is a period of 19 years, after 
which the new and full moons fall on the same day of the 
month as they did at the beginuiDg of the period. Any 
number of this period is called the Golden Number. 

To find tlie Golden Number Jbr any Year. 

Rule. Add 1 to the given year, and divide tlte sum 
by 19, the remainder is the Golden Number. If there be 
no remainder, the Golden number is 19. 

Exam^e. What is the Golden Number for the year 
1822? 

(1822+1) -^19 leaves a remainder of 18, which there- 
(ore is the Golden Number. 

II. The Epact for any year is the moon's age at the 
beginning of that year ; that is, the number of days which 
have elapsed since the last new moon in the preceding 
year. Its use is to find tlie PaschalJitU moon. 

Tofind the Epactjor any Year till 1900. 

Rule. Fmd the Golden Number and substract 1 from 
it, multiply the remainder by 11, and the product will be 
the Epact ; if the product exceeds SO, divide it by 30| 
and the remainder will be the Epact. When the Golden 
Number is 1, the Epact is 29. 

Example. What is the Epact for the year 1822? 

The Golden Number (already found) ia 18, hence 
(18-1x11) -*■ 30 leaves a remainder of 7, which i> 
the Epact. 



' llie Romui IndicCiDD is of an use whalcveiin the Colendor. ■< 
wa« a period of 15 years. Id which the Rdiobiis collected a Ui Ihan 
(lie countries whicli Uiey had conquered. To Bud the Roman iBdlctioa 
add B to the jear of Christ, aod divide tlie sum by 15, tbe renuunder 
U the IndictJDti. Tlius, the IndJctioD Tor I83U is 10, for (ISSfi + S) 
■4- 15 leaves a remainder gf 10. 

The Jalion Period appeuK in the Nautical Almanac for I SS9 j it U 
of no WK in Ihe calendar; howerer it may be found by adding 471S 
to tbe year of Cbnal. Thu), 183S + 41\3 = GS3t the fear of tbc 
Julian Period. 

A Tabl« 
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a period of 28 years, after 
days of the month return to the same days of 
the week. TTiia cycle has no reference to the ^parent 
motion of the sun, its chief use being to find the Domini- 
ceU Letters. 

In order to connect the days of the week with the days 
of the year, the first seven letters of the alphabet are 
chosen to mark the several days of the week. These 
letters are arranged in such a manner for every year, that 
the letter a stands for the first of January, b for the 
second, c for the third, and so on. The seven letters 
being constantly repeated in their order through all the 
days of the year, it is plain that the same letter will 
iinswer to Sunday throughout the whole year, which is 
therefore called the Sunday Letter. 

To find the Cycle of the Sun for any Year tilt 1900, mtU 
ItkeinUe the Sunday Letter. 

HuLE. Add 9 to the given year, and divide the sum by 
'28, the remainder is the year of the solar cycle ; if there 
he no remainder the solar cycle is 28. ITien, in the fol- 
lowing Table, against the solar cycle you will find the 
Dominical Letter. 

On, To the given year add its fourth part, and increase 
ihc smn by 6, divide the result by 7, and the remainder 
taken from 7 leaves the number of the letter ; reckoning 
A to be 1, B 2, c 3, D 4, E 5, F 6, and o 7- In a leap- 
year (his rule always gives the letter aniweiing to the 
months after February. 
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In a leap-year there are two Sunday Letters ; the left- 
hand letter is used tilt the end of February, and the other 
till the end of the year. 

Example. What is the Dominical Letter for 1822? 

(1822) + 9-^28 leaves a remainder of 1 1 ; therefore t is 
the Sunday Letter. 

Or, 1822+-'-V-'-+ 6?=2283, this divided by 7 leaves 1. 
Now 7—1=6 the number of the letter, therefore -the 
letter is r. 

The Sunday Letters for the year 1824i are i>c. 

IV, The Number of Direction is a number to be added 
to the 21st of March-to^hew on what day of the month 
Easter Sunday falls. The earliest Easter possible is the 
22d of March, the latett the 25th of April. Within these 
limits are 35 days, and the number of direction varies from 
1 to35. Thus.ifEasterSunday fallsonthe22dofMarch 
the number of direction is 1, if on the 23d It is 2; and so 
on to the 3l5t, when the number of direction is 10. If 
Easter Sunday falls on the first of April, the number of 
direction is 11, if on the second it is 12, and so on to the 
25th of April, when the number of direction is 35. 
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Example, On what day of the month and in wh:l 

month does Easter Sundai/ fall in the year 1822? 

Tht 
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The Gdlden Number already found is IS, and the 
.Sunday Ivetter f. Under 18, and in a line with f, in the 
preceding table, you will find 17, wbich is the number 
of direclion. Easter Sunday falls therefore on tjie 7th of 
April. 

To Jtnd the Vaschai. Full Moon, ami thence Easter Day 
bij the Epact, 

Add 6 to the Epact (if this sum exceeds 30, thirty must 
be taken from it) and subtract the sum from 50, the re- 
mainder is the Paschal full moon, or Easter limit. Add 
4' to the number of the Dominical letter, subtract the sum 
from the limit, and the remainder from the next higher 
number which will divide even by 7. The last remainder 
added to the limit will give the number of days from the 
first of March to Easter Day, both inclusive. 

Example. Find the Paachol full moon and Easter Day 
for the year 1822. 

The Epact, already found, is 7, then 50— (7 + 6)= 
37 Easter limit, or the Paschal full moon. The Domini- 
cal Letter is v, hence the number of the letter is 6 ; and 
S7 — (6-l-4')=27, the next higher number to which, divi- 
sible by 7, i8 28 ; therefore ( 38—27 ) + 37 the limit = 38 
days from tlie first of March ; hence Easter Day ia the 
7tb of April. 



A Tab 
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The use of the Table. Find the Epact (by some of 
the preceding methods), against which, in the Table is ihc 
day of the Paschal full moon, with its correapondiug 
weekly letter. 

Example. On what day does Easter fall in the year 
1822? 

The Epact is 7, against which, in the Table, Is the 
6th of April, the day of the Pascbal full moon ; and this 
happens an a Saturday, as indicated by the letter e, f being 
the Sunday letter for the year; hence Easter Day falls 
on the 7th of April. 

Having found Easter Sundat/, all the moveable feu[» 
which depend upon it are known. 
Septuagesima Sunday is 9 weeks 
Sexagesima Sunday is 8 weeka 

Shrove Sunday or Quinaattgesima Sandfly is 7 weeks 
Shrove Tuesday and Ash Wednesday follow Quinqua- 

gesima Sunday 
Quadragesima Sunday is six weeks 
Palm Sunday a week 
Good Friday two days 
Low Sunday is I week 
Rogation Sunday is 5 weeks 

Aaceasion Day or Holy Thursday, the Thursday fol- 
lowing Rogation. 
Whit Sunday is 7 weeks 
Trinity Sunday is 8 weeks 

Then follow all the Sundays ailer Trinity in order. 
The Sundays between Ash Wednesday and Easter are 
called Sundays in Lent ; and the Sundays between Easter 
and Whit Sunday, are called Sundays after Easter. 

V. By Act of Parliament Easter Day is the first Sunday 
after the full moon which happens upon, or next after, 
the Slst of March ; and if the full moon fall on a Sunday, 
Easter Day is the Sunday after. ■ 

• The Act of Parliamenl does not refer to the silronemical liill 
moon as detemuDed by rxact calcuUtion, but b> the full mooii u de 
mined by the euabliilied cainvlar. Hus, ia the year ISIS, itie oi 
Romicot full loOQii wan on Sutiday the SSd of Mircli, but tbe calenio' 
full moon WBs on Saturday the Slst^ consequeDtlf Eisler was the Sun- 
day following, vit. the 2Qd. 

K.T«lBLS 
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The U8K OF the Table. To find the time of new moon* Subtract 
the number in the Table, opposite to the given year, and under the 
given month, from 30. 

Examples, llie time of new moon in April 1822 is on. the 21st 
( =s 30— 9) ; and so on for any other year or month. 

To find the tmie of full moon. * Subtract the number in the Table, 
opposite to the given year, and under the given month, from 30 ; if 
the remiainder be 15, full moon happens on die 30th day of the month; 
if the remainder exceeds 15, the excess above 15 is the day of the 
month on which full moon happens; if the remainder fall short of 15, 
add 15 to it, and the sum will shew the day of the month on which 
full moon will happen. 

Examples. Full, moon happens on October 30th, 1822, for SO — 15 
— 15. In February 1822 full moon falls on the 6th, for 30 — 9^21, 
and 21 — 15 = 6. In November 1822 full moon falls on the 28th, 
for 30— 17 = 13; and 13+15 = 28. 

N. B. Though the preceding Table be calculated only for 19 yean, 
it will answer till the year 1 900, by changing the years at the expiration 
of 19. Thus, instead of 1821 write 1840, and so on in a gradual sue 
cession to 1858, without any alteration of the figures under the months; 
and when these years are elapsed, begin again with 1859, &c. The 
column in the preceding Table under January, shews the Epacts for 
the respective yearis prefixed ; and the right hand column annexed to 
the moon's age is used in finding the time of high water, in the suc- 
ceeding problems. 

VI, Of the Year hy the Gregorian AccounU 

The year, according to our present mode of reckoning, 
consists of 365 days for three years together, and every 
fourth year consists of 366 days, which is called a leap-year, 
in which the month of February has 29 days. But the 
centuries which will not divide even by 4*, such as 1700, 
1800, 1900, are not leap years ; 2000 is a leap year, be- 
cause 20 centuries are divisible by 4; 2100, 2200, 2300, 
are not leap years, and so on for succeeding centuries. 

Let us examine the accuracy of this. By making every 
fourth year a leap year the average length of each year is 
365J days or 365 days 6 hours ; now the solar year con- 
sists of 365 days 5 hours 48 minutes 48 seconds (I>ef. 62), 
the difference is 1 1 minutes 1 2 seconds in 1 year, or 3 
days 2 hours 40 minutes in 400 years ; but the Gregorian 
mode of reckoning provides for the 3 days, by rejecting 
the intercalary day in the centuries which are not divisi- 
ble by 4, as 17, 18, 19, &c. hence the error in the Gre- 
gorian 
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gorian calendar is 2 hours 40 minutes in 400 years, or 1 
day in. 3600 years ; an error which the present generation 
need not trouble themselves about correctipg* 
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CONTAINING PROBLEMS PERFORMED BT THB 
TERRESTRIAL AND CELESTIAL GLOBES. 



ClIAPTER I. 

Problems performed by the Terrestrial Globe. 

Problem L 
To find the latitude of any given place. 

Rule. Bring the given place to that part of the brass 
meridian which is numbered from the equator towards 
the poles; the degree above the place is the latitude. 
If the place be on tlie north side of the equator, the lati- 
tude is north ; if it be on the south side the latitude is 
south. 

On small globes the latitude of a place cannot be found nearer 
than to about a quarter of a degree. Each degree of the brass 
meridian on the largest globes is generally divided into three equal 
parts> «ich part containing twenty geographical miles ; on such globes 
the latitude may be found to 10'. 

Examples. What is the latitude of Edinburgh ? 

jin$weT» se** north. 
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2, Required the latitudes of the following places: 
AmEterdam Florence Philadelphia 
Archangel Gibraltar Quebec 
Barcelons Hamburgh Rio Janeiro 
Batavta Ispahan Stockholm 
Bencoolen Lausanne Turin 
Berlin LisboD Vienna 
Cadiz Madras Warsaw 
Canton Madrid Washington 
Dantzic Naples Wilna 
Drouth eim Paris York, 

3. Find all the places on the globe which have no lati- 

i. What is the greatest latitude a place can have ? 



Tojind all those places which have the same latitude as any 

Rule. Bring the given place to that part of the brast 
meridian which is numbered from the equator towards 
the poles, and observe ita latitude ; turn the globe round, 
and all places passing under the observed latitude are 
those required. 

All plares in the same latitude have tlie same len^ of day lai 
Dight and the same seasons uf the year, though from local drcum. 
ktuiceii, the; may not have the same atmospherical icmpcrature. Her 



tiie same latitude as Madrid ? 
" Antwer. Minorca, Naples, Conslanlinoplp, Saniarcand, PhiUdeU 
pliia, Pekin, &c. 

2. What inhabitants of the earth have the same len^h 
of days as the inhabitants of Edinburgh ? 

3. What places have nearly the same latitude as Lon- 
don? 

4. What iithabitantE of the earth have the same seasflu 
of the year as those of Ispahan? 

5. nnd all places of the earth which have the longest 
'4/if the same length as at Port Royal in Jamaica. 

1 ?u;iBLSM 
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Problem III. ^B 

To find the longitude of any plitce, ^^| 

KuLE. Bring the given place to the brass meridian, 
ihe Dumber of degrees on the equator, reckoning from 
the meridian passing through London to the brass ineri- 
diftn, ia the longitude. If the place lie to the right hand 
of the meridian passing through London, tlie longitude 
is east ; if to tlie lefl hand, the longitude is west. 

On jldann' and Cory') globes there are two rows of figures above 
Ihe vquator. Vibta Ihe place lies lo the light hand of ibe meridian of 
London, the longitude must be conntedon the upp^ line; when it lies 
to the left hand it must be counted on the lower line. Sartlin't New 
Britisii Globes have also two rows of figures above the equator, but the 
lower line is alwajiB used in reckoning the longitude. 

Examples. 1. What is the longitude of Petersburg^ 

j<iua«r. 30j° east 

2. What is the longitude of Philadelphia? 

jins'ver. TSi" west. 

3. Rbquired the longitudes of the following placesil 
Aberdeen Civita Vecchia Lisbon 
Alexondria Constantinople Madras 
Barbadoes Copenhagen Mosul ipatam 
Bombay Drontheim Mecca 
Botany Bay Ephesus Nankin 
Canton Gibraltar Palermo 
Carlscrona Leghorn Pondi cherry 
Cayenne Liverpool Queda. 1 

4. What is the greatest longitude a place can havefl 



'Jo Jiiid all those places ihai have the same longituds I 
given place. 

RULK. Bring the given place to the brass meridian, 
ilieii all places under the same edge of the meridian from 
pole to pole have the sanie longitude. 

All people liltuted under the same meridian li-ain 6&'' SB* north 
latitude to 66' 2it' south latitude, liave noon at the same time ; or, if 
il be one, two, three, or nny number of boon before or after n 
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with one particular place, it will be the same hour with every other 
place situated under the same meridian. 

Examples. 1. What places have the same, or nearly 
the same longitude as Stockholm ? 

Answer. Dantzic, Presburg, Tarento, the Cape of Good Hope, &c. 

2. What places have the same longitude as Alexandria? 

3. When it is ten o'clock in the evening at London, 
what inhabitants of the^earth have the same hour ? 

4. What inhabitants of the earth have midnight when 
the inhabitants of Jamaica have midnight ? 

5. What places of the earth have the same longitude as 
tjie following places ? 

London Quebec The Sandwich islands. 

Pekin Dublin Pelew islands. 



Problem V. 

To find the latitude and longitude of any place. 

Rule. Bring the given place to that part of the brass 
meridian which is numbered from the equator towards 
the poles ; the degree above the place is the latitude, and 
the degree on the equator, cut by the brass meridian, is 
the longitude. 

This problem is only an exercise of the first and third. 

Examples. 1. What are the latitude and longitude 
of Petersburg. 

Ansu^er, Latitude 60'^ N. longitude 30j° E. 

2. Required the latitudes and longitudes of the follow- 
ing places : 



Acapulco 

Aleppo 

Algiers 

Archangel 

Belfast 

Bergen 

Buenos Ayres 

Calcutta 

Candy 

Corinth 



Cusco 

Copenhagen 

Durazzo 

Elsinore 

Flushing 

Cape Guardafui 

Hamburgh 

Jeddo 

Jaffa 

Ivica 



Leith 

Lizard 

Lubec 

Malacca 

Manilla 

Medina 

Mexico 

Mocha 

Moscow 

Oporto 



Problem 
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Problem VI. 

To Jiai any place on the globe having the latitude and 

longitude of that place given. 

Rule. Find the longitude oF the given place on the 
equator, and bring it to that part of the brass meridian 
which is numbered from the equator towards the poles ; 
then under the given latitude, on the brass meridian, you 
will find the place required. 

Examples. 1. What place has 151^<> east longitude^ 
and S4j° south latitude ? 

Answer, Botany Bay. 

2. What places have the following latitudes and lon- 
gitudes ? 



Longitudes. 

100° 6' W. 

30 19 E. 

77 55 W. 

69 53 W. 

18 4j E. 

81 11 E. 

119 49 E. 

42 44 W. 

5 22 W. 

17 6W. 



Latitudes. 


Longitudes. | 


Tiatitudcs. 


50=* 


6 N. 


50 


54' W. 


19° 


26' N. 


48 


12 N. 


16 


16 E. 


59 


56 N, 


55 


58 N. 


3 


12 W. 





13 S. 


52 


22 N. 


4 


51 E. 


46 


55 N. 


31 


13 N. 


29 


55 E. 


59 


21 N. 


64 


34 N. 


38 


58 E. 


8 


32 N. 


34 


29 S. 


18 


23 E. 


5 


9S. 


S 


49 S. 


102 


10 E. 


22 


54 S. 


34 


35 S. 


58 


31 W. 


36 


5N. 


32 


25 N. 


52 


50 E. 


32 


38 N. 



Problem VII. 

Tojind the difference of latitude between any two places. 

Rule. Bring one of the places to that half of the 
brass meridian which is numbered from the equator to- 
wards the poles, and mark the degree above it; then 
bring the other place to the meridian, and the number of 
degreet between it and the above mark will be the differ- 
ence of latitude. 

Or, 



Part III. 

Ob, Find the latitudes of both the places (by Prob. I.] 
then, if the latitudes be both north or both south, sub- 
tract the less latitude trom the greater, and the remainder 
will be the difference of latitude; but, if the latitudes be 
one north and the other south, add them together, and 
their sum will be the difference of latitude. 

Examples, 1, What is the difference of latitude be- 
tween Philadelphia and Petersburg ? 

^lumn: 20 degrees. 

2. What is the difference of latitude between Madrid 
and BuenoB Ayres ? 

jltnuer. 75 degrees. 

. Required the difference of latitude between the fol- 



low 

London and Rome y 
Delhi and Cape Comorin^Vj 
Vera Cruz and Cape Hori^j 
Mexico and Botany Bay 
Astracati and Bombay 
St. Helena and Manilla 
Copenhagen and Toulon 
Brest and Inverness 
Cadiz and Sierra Leone 

4, What two places c 
ditterence of latitude? 



Alexandi-ia and ttie Cape 

of Good Hope 
Pekin and Lima 
St. Salvador and Surinam 
Washington and Quebec 
Porto Bello and the StraiU 

of Magellan 
Trinidad I. and Trincomal^ 
Ben cool en and Calcutta. 
e globe have the greateit 



Problem VIU. 
I To find the diffbrenee of longitude between ani/ two placet. 

Rule. Bring one of the given places to the brass me- 
ridian, and mark its longitude on the equator ; then bring 
the other place to the brass meridian, and the number of 
degrees between its longitude and the above mark, 
counted on the equator, the near£st way round the globe, 
will shew the difference of longitude, 

Ok, Find the longitudes of both the places (by ftob. 
III.) then, if tlie longitudes be both east or both west, sub- 
tract the less longitude from the greater, and the reminder 
will be the difference of longitude: but, if the longitudes 
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be one east and the other west, add them together, and 
their Buni will be the difference of longitude. 

When this sum exceeds 180 degrees, take it from 360, 
und the remainder will be tlie difference of longitude. 

Examples. 1. What is the difference of longitudu 
between Barbadoes and Cape Verd? 

Jlniifcr. 41° 48'. 

2. Wliat is the difference of longitude between Buenos 
Ayres and the Cape of Good Hope ? 

jiiimrer. 76° 60'. 

3. \Vhat is the difference of longitude between Botany 
Bay and O'why'ee? 

jiniver. 52' 45', or 52} degrees. 

4. Required the difference of longitude between the 
following places : 



Vera Cruz and Canton ? f 
Bergen and Bombay 



Constantinople and Batavia 
Bermudas I. and Lof Rhodes 
Port Patrick and Berne 
Mount Heckla and Mount 

Vesuvius 
Mount JEtaa and Teneriffe 
North Cape and Gibraltar. 
What is the greatest difference of longitude compre- 
hended between two places? ^^^ 



Pelew I. and Ispahan 
Boston in Amer. and Berlin 



To find the dUtance betvieen any two places. 

RuLB. The shortest distance between any two places 
on the earth, is an arc of a great circle contained between 
tht two places. Therefore, lay the graduated edge of the 
quadrant of altitude over the two places, so that the di- 
vision marked o may be on one of the places, the degrees 
on the quadrant comprehended between the two places 
will give their distance ; and if these degrees be multi- 
plied by 60, the product will give the distance in geo- 
graplucal miles ; or multiply the degrees by 69i, and the 
product will give the distance in English miles. 

On, Take the distance between the two places with a 
pair 



ISfO 
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pair of compasses, imd apply that distance to the eqnatoTy 
which will shew how many degrees it contains. 

If the distance between the two places should exceed 
the l^igth of the quadnmt, stretch a piece of thread over 
the two places, and mark their distance ; the extent of 
thread between these marks, M)plied to the equator, from 
the meridian of London, will shew the number of degrees 
between the two places. 

Examples. 1. What is die nearest distance between 
the LLsard and the island of Bermudas ? 



45} dist^nce.iii degrees. 
GO 



2700 
30 
15 



2745 geogn|ilucal miks. 




tlistmoe in ckgreta. 



2^ 
405 
270 







S179f 



2. What is the nearest distance between tiie island of 
Bermudas and St. Helena? 



73jl distance in d^^rees. 
GO 



4S80 
SO 



4410 geographica] miles 



7i 
61 



distance in degrees. 



36| 
657 , 
438 • 
S4i 

5108^ English miles* 



I 



S. What is the nearest distance between London and 
Botany Bay? 



154 distance in degrees. 
60 



9240 geographical miles. 



154 distance in degrees. 
69} 



77 
1386 
924 



10703 EngUsh miles. 



4. What 
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4. What is tlie direct distance between Londim and 
Jamaica, in geograpliical and English miles? _, / 

5. What IB the extent of Europe in English miles, 
From Cape Matapan in the Morea, to the North Cape in 
I.apJand ? 

6. What is'the extent of Africa from Cape Verd to 
Cape Guardafni ? 

7. What is the extent of South America from Cape 
Blanco in the west to Cape St. Roque in the east ? 

8. Suppose the track of a sliip to Madras be from the 
Lizard to Si. Anthony, one of the Cape Verd islands 
thence to St. Helena, thence to the Cape of Good Hope, 
thence to the east of the Mauritius, thence a little to the 
south-east of Ceylon, and thence to Madras ; how many 
English miles is the Land's End from Madras? 

Simple as tlic preceding proUUm may appear in tbcnry, an b luper. 
Gciil liew, jret, wliea applied 10 practice, (he diOicuidcs wtiicli occur 
arc aliDiHt insuperable In sailing across the truckless ociian. m 
tTATelling through extensive and unknown countries, our ouTy guide 
is tlw compass, and eiccpt two places be situated directly nortli and 
south of e»ch other, or upon the equator, though nc may travel or 
uil from one place to the other by the compass yet we catmal take 
(be ihorti!*! route, as measured by the quadrant of altitude. 

To illustntle these oboerrations by examples i Jirsl, Let two places 
be situated in latitude SO' oorth, and difTering in lon^tudc 46° 5Cf, 
whidi will nearly correspond with the Land's End and the eastern 
coast of Newfoundland. The arc of nmrcil distance being that 6f ■ 
great circle, truly calculated by tpherical trigonamelry, ii 30° 49' 6", 
equal to ] B49y^ geographical miles, or 2141^, English miles: but, if 
a ship steer from the Land's End directly westward, in the latitude 
«f 50° north, till her difference of longitude he 48^ 50", her true 
dtotance ioited will be 1BS3^ geographical miles, or SISl-J^ Engli^ 
milea, making a circuitous course of ^-\ geographical miles, or 
40|^ English miles. Those who are acqjuamted with spherical trigono- 
metrj and the principles of natigation, particularly grrat circle laUing, 
know tliu it is im;^!!!^; to conduct a ship exactly on the arc of a grew 
circle, except, as Urfore oliserred, on the equator or a meridian ; for, in 
llii) uiample, aba must be steered through all tlie different angles, from 
H, TtX* 4g^ SO" w. u> 90 degrees, and continue sailing from thence 
through all the some varieties of angti'S, till she arrives at the intended 
place, where tlie angle will become 70° 49' 30'', the same as at first. 

Stemdl^ Suppose it were required to And the shortefil distance be- 
tween the Liurd, lat. 49' 57' h. Ions. S' 31' w. and the island of 
Bennudai, lot. 33' 35' H- long. G3° 33 w. Ilie arc of a great circle 
contalnfd bttiraea the two place* will be found, by iphaia>l trigo- 
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nometiy, to be 45° 44', being 2744 geognphical mike, or S178 
English miles. See the method of calcinating such problems in JBekkU 
Trigonometry, fourth edition, pag^ SIS, Now, for a ship to run tfaii 
shortest track, die must sail irom. the Lizard s. 89^ 29^ w. and 
gradually lessen her course so as to arrive at Bermudas on the rimmb 
bearing s. 49° 47' w. ; but this, though true in theory, is impnuttica- 
ble ; the course and distance must therefore be calculated by Mercator's 
Sailing. The direct course by the compass will be found to be 
s. 68^ 9' w., and the distance upon that course 2800 geographical 
miles, or 3243 English miles ; making a circuitous course of 56 geo- 
graphicfd miles, or S5 English miles. 

Hence, to find the distance between any two places whose latitudes awd 
longitudes are known, in order to travel or sail from one place to the 
other, on a direct course by the mariner's compass, the foUowing methods 
must be used, 

1. If the places be situaied on the same meridian, their difierenoeof 
latitude will be the nearest distance between them in degrees, and the 
places will be exactly north and south of each other. 

2. If the places be situated on the equator, their difference of longi- 
tude will be the nearest distance in degrees, and the places will be 
exactly east and west of each other. 

3. If the places differ both in latitudes and longitudes, the distmoe 
between them and the point of the coippass on which a person nmit 
sail or travel, from the (me place to the other, must be found by Met' 
cator*s Sailing, as in navigation. 

4. If the places be situated in the same latitude, they will be directly 
east and west of each other; and their difference of longitude, multi- 
plied by the number of miles which make a degree in the given latitude 
according to the following table, will give the distance. 

^e following table is calculated thus : radius is to the length of a 
degree upon the equator, as the co-sine of the given latitude is to the 
length of a degree in that latitude. See this proportion illustrated in 
JCeith^s Trigonometry, page 296, fourth edition. 
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Deg. 


Geog. 


English 


Deg. 


Geog. 


English 


Deg. 


Geog. 


EngHsh 


L t 


Miles. 


MUes. 


Lat. 
31 


Miles. 


Miles. 


Lat. 
61 


Miles. 


Miles. 





60*00 


69-07 


51-43 


59-13 


29<)9 


33-45 


1 


59*99 


69-06 


32 


50-88 


58-51 


62 


28-17 


32-40 


a 


59-96 


69-03 


33 


50-32 


57-87 


63 


27-24 


31-33 


3 


59'92 


68-97 


34 


49-74 


57.20 


64 


26-30 


30-24 


4 


59-85 


68-90 


35 


49-15 


56-51 


65 


25-36 


29-15 


5 


59-77 


68-81 


36 


48-54 


55.81 


66 


24-40 


28-06 


6 


59-67 


68-62 


37 


47-92 


55.10 


67 


23*45 


26-96 


7 


59-55 


68-48 


38 


47-28 


54-37 


68 


22-48 


25*85 


8 


59*42 


68.31 


39 


46-63 


53-62 


69 


21-50 


24-73 


9 


59-26 


6815 


40 


45-96 


52-85 


70 


20-52 


23-60 


10 


59-09 


67-95 


41 


45'28 


52-07 


71 


19-53 


22-47 


11 


58*89 


67-73 


42 


44-59 


51-27 


72 


18-54 


21-32 


12 


58-69 


67-48 


43 


43-88 


50-46 


73 


17-54 


20-17 


13 


58-46 


67-21 


44 


43-16 


49.63 


74 


16-54 


19-02 


14 


58-22 


66-95 


45 


42-43 


48-78 


75 


15-53 


17-86 


15 


57-95 


66*65 


46 


41-68 


47-93 


76 


14-52 


16-70 


16 


57-67 


66-31 


47 


40-92 


47-06 


77 


13-50 


15-52 


17 


57-38 


65-98 


48 


40-15 


46-16 


78 


12-48 


14-35 


18 


57-06 


65-62 


49 


39-36 


45-26 


79 


11-45 


13-17 


19 


56-73 


65-24 


50 


38-57 


44-35 


80 


10-42 


11-98 


20 


56-38 


64-84 


51 


37-76 


43-42 


81 


9-38 


10-79 


21 


56-01 


64-42 


52 


36-94 


42-48 


82 


8-35 


9-59 


22 


55-63 


63-97 


53 


36-11 


41-53 


83 


7-31 


8-41 


23 


55-23 


63-51 


54 


35-27 


40-56 


84 


6-27 


7-21 


24 


54-81 


63-03 


55 


34-41 


39-58 


85 


5-22 


6-00 


25 


54-38 


62-53 


56 


33-53 


38*58 


86 


4-18 


4-81 


26 


53-93 


62-02 


57 


32-68 


37-58 


87 


3-14 


S«61 


27 


53-46 


61-48 


58 


31-79 


36-57 


88 


2-09 


2-41 


28 


52-97 


60-93 


59 


30-90 


35-54 


89 


1-05 


1-21 


29 


52-48 


60-35 


60 


30-00 


34-50 


90 


000 


0.00 


SO 51*96 


59.75 


Length of a degree 6! 


J-07 1 


Cnglish n 


(liles. 



Problem X. 

A plftce being given on the globe y to Jind all places y which 
are situated at the same distance Jrom it as any other 
. given place. 

Rule. Lay the graduated edge of the quadrant of 
altitude over the two places, so that the division marked 
o may be on one of the places, then observe what degree 
of" the quadrant stands over the other place ; move the 
quadrant entirely round, keeping the division marked o 

K in 
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in its first situation, and all plaqes which pass under the 
same decree which was observed to stand over the other 
place, will be those sought. 

Or, Place one foot of a pair of compasses in one of the 
given places, and extend the other foot to the other given 
place : a circle described from the first place as a centre, 
with this extent, will pass through all the places sought. 

If the distance between the two given places should exceed tiie 
length of the quadrant^ or the extent of a pair of compasses, stretch a 
piece gf thread over the two places, as in the preceding problem. 

Examples. 1. It is required to find all the places on 
the globe which sure situated at the same distance from 
London as Warsaw is ? , 

Answer. Koningsburg, Buda, Posega, Alicant, &c. 

2. What places are at the same distance from London 
as Petersburg is ? 

3. What places are at the same distance from London 
as Constantinople is ? 

4. What places are at the same distance from Rome as 
Madrid is ? 



Problem XI. 

Give7i the latitude of a place and its distance from a given 
place, tojlnd that place txyhereqf the latitude is given. 

Rule. If the distance b.e given in English or geogra- 
phical miles, turn them into degrees by dividing by 6^ 
for English miles, or 60 for geographical miles ; then put 
that part of the graduated edge of the quadrant of dti- 
tude which is marked o upon the given place, and move 
the other end eastward or westward (according as the re- 
quired place lies to the east or west of the given place), 
till the degrees of distance cut the given parallel of lati- 
tude : under the point of intersection you will find the 
place sought. 

Or, Having reduced the miles into degrees, take the 
same number of degrees from the equator with a pair of 
compasses, and with one foot of the compasses in the 
given place, as a centre, and this extent of degrees, de* 
scribe a circle on the globe ; turn the globe till tl^is circle 

falls 
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fall^ under the given latitude on the braes meridian, and 
you will find the place required. 

Examples. 1. A place in latitude 60° n. is 1320J 
Esgliah miles from London, and it is situated in e. longi' 
tUM ; required the place ? 

jtnniXT. Divide ISaOJ miles by 69J roileB, or, wliich is the Siimi; 
tiling, HG41 half-milea by 139 half milEs, the quotient will give 19 ii£'. 
gtees ; tteDcc tbe required place is Petersburg. 

2. A place in latitude 32J^° n. is 1S50 geographiool 
miles from London, and it ia situated in w. longitude ; 
required the place? 

AnniKT. Diiiiie 1350 by 60 tlie quotient is 22' aff, or 29j de- 
grees ; hence the required pliue is the west point of Itie island of 
Madeira. 

3. What place, in e. longitude and 41° k. latitude, is 
1529 English miles from London? 

♦. What place, in w. longitude and 13° n. latitude, U 
3660 geographical milcE from London. 7, _ v^^^J 

Problem XIL 

Gjtmi the longitude of a place and its distaneeji-oni a given 
place, lo^nd that place whereof the longitude is given. 

Rui.E. If the distmice be given in English or geogra- 
phical miles, turn them into degrees by dividing by 69^ 
for English miles, or 60 for geographical miles ; then, put 
(bat part of the graduated edge of the quadrant of altitude 
which k market! o upon the given place, and move the 
other end northward or Kouthwaril (according as the re- 
quired place lies to the north or south of the given place), 
till the degrees of distance cut the given longitude : 
under the point of intersection you will find the place 
soiigliL 

Ok, Having reduced the miles into degrees, take the 
same number of degrees from the equator with a pair of 
compasses, and with one foot of the compasses in the 
given place, as a centre, and this extent of degrees, de- 
scribe a circle on the globe ; bring the given longitude 
to the braes meridian, and you will find the place, upon 
the circle, under the brass meridian. 

K 2 ExAMrLH, ~ I 
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Examples. 1. A place in north latitude, and in 60 
degrees west longitude, is 42S9j^ English miles from Lon- 
don ; required the place ? 

Answer. Divide 4239^ miles by 69} miles, or, which is the same 
thing, 8479 half-miles by 139 half-miles, the quotient will give 61 de. 
grees ; hence the required place is the island d fiaxbadoes. 

2. A place in north latitude, and in 75^ degrees west 
longitude, is SI 20 geographical mjl^s from London; what 

place is it ?^v^, \^i 4 '".. ./'/■• ■ft'-^- • ' 

3. A place in 31^ degrees east longitude, and situated 
southward of London, is 2224 English miles from it ; re- 
quired the place? ?- : 

4. A place in 29 decrees east longitude, and situated 
southward of London, is 1529 English miles from it ; re^ 
quired the place ? 

Problem XIIL 

To find hotio many miles make a degree of longitude in any 

given parallel of latitude. 

Rule. Lay the quadrant of altitude parallel to the 
equator, between any two meridians in the given latitude, 
which differ in longitude 15 degrees • ; the number of de- 
grees intercepted between them multiplied by 4, will give 
the length of a degree in geographical miles. The geo- 
graphical miles may be brought into English miles by 
multiplying by 116, and cutting off two figures from the 
right hand of the product. 

Or, Take the distance between two meridians, which 
differ in longitude 15 degrees in the given parallel of 
latitude, with a pair of compasses ; apply this distance to 
the equator, and observe how many degrees it makes r 
with which proceed as above. 

Since the quadrant of altitude will measure no arc truly but that of a 
great circle ; and a pair of compasses will only measure the chord of an 
arc, not the arc itself; it follows, that the preceding rule cannot be 
mathematically true, though sufficiently correct for practical purposes. 



• The meridians on Caiit*s large globes are drawn through every 
ten degrees. The rule will answer for these globes, by reading 10 de- 
grees for 15 degrees, and multiplying by 6 instead of 4. . 

When 
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Wlicii gresl eiBrtness is required, recourae must be had to calculation. 
Sw the table in the nolo la Problem IX. page 193. 

"Dk above rule h founded on a auppoBilioii that the number of de- 
grees contained betweeu any two meridians, reckoned oa tbe equator, 
is lo tfui number of degrees cootained betweeu tbe same meridians, 
on any parallel of latitude, 05 the number of geographical miles con- 
tained in one degree of the equator, is lo the number of geagraphical 
miles contained in one degree on tbe given parallel of latitude. Tliui 
ia tlie latitude of London, two places which differ IS degreei in lon- 
gitude arc 9^ degrees distant by the rule. Hence, 
IS": 9i°-. ■- 60m. -. 37 m., or 15' : flOm. : : 9^° : 37ro,, but 15 is 
fo 60 aa I b lo 4, tberefbre, 1 1 4 : : Sj : ST geographical miles con- 
tained iu one degree. Now, any number of geographical miles may 
lie brought into English nu'lea by multiplying by 69^ and dividing bj 
I' 60; or by multiplying by l'16, for 60 : 69i : ; 1 ; 1'16 nearly. 

Examples. 1. How many geographical and English 
I miles make a degree in the latitude of Pekin ? 

AmaXT, The latitude of Pekin is 40^ north : the distance between 
tHO meridians in that latitude (wtuch differ in longitude 15 degrees) is 
1 l^degreea. Now, I IJ degrees multiplied by 4, produces 46 gco. 
graphical miles for the length of a degree of longitude, in the latitude 
of Pekin; and if 46 be mtdtiplied by 116, the product will beJ336; cut 
off the two right.-hand figures, and the length of a degree in English 
miles will he 53. Oa,by theruleof three,]5~^: 6!>jtm. : : 11 j°! 53 miles. 

I 2. How many miles make a degree m the parallels of 

|~ latitude wherein the following places are situated? 

Surinam Washington Spitzbergen ^^^ 

Barbadoes Quebec Cape Verd ^^^H 

I HavanDah Skalholt Alexaodtia ^^^| 

L Bermudaa I. North Cape Paris ^^^| 

^^b Problem XIV. ^^H 

^^^^P Tojtnd the bearing of one flacefrora another, ^^^H 

P BuLE. If both the places be situated on the same pa- 
rallel of latitude, their bearing is either east or west from 
each other; if they be situated on the same meridian, 
they bear north and south from each other ; if they be 
situated on the same rhumb-line*, that rhumb-line is 

I their 

* On Adams' globes there are two compasses drawn on the equa- 
tor, aadi point of which may be called a rhumb-line, being drawn >o 
■> to rut *U (he meridians in equal angles. Oue compass is drawn on 
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their bearing ; if tb^ey be Qot j^ituatedrOn the same rhumbs 
line, lay the quadrant of altitude over the Iwo places, and 
that rhumb-line which is the nearest of being parallel to 
the quadrant will be their bearing. 

Or, If the globe haye no rhunib-Iines drawn on it, make 
a s.pi^ll nmrin€;r's compass. (^ip& as in PkUeL Fig. 4f») and 
apply the centre of it to any given place, «o that the north 
and south points may coincide wiui some meridian ; the 
€ther points will shew the bearings of all the circumjacent 
places, to the distaAce of upwar& of a thousand nmes, if 
thp Qeotrical i^c^ he not far distant from the equator. 

jBxAAiPUss. 1. Which way must a ship steer nion the 
Lizard to the island of Bermudas ? 

Answer, W. S. W. 

2. \Miich'way must a ship steer ftcm the Lizard to the 
island of Madeira ? 

Answer. ^ S. W. 

S. Required the bearing between London and the foU 
lowing places ? 

Copenhagen 

Dublin 

Edinburgh 

Lisbon 

Madrid 

Naples 

Paris 



Amsterdam 

Athens 

Bergen 

Berlin 

Berne 

Brussels 

Buda 



Petersburg 
Prague 
Home - 

Stockholm 

Vienna 

Warsaw 



Problem XV. 

To find the angle of position between tvao places. 

Rule. Elevate the north or south pole, according as 
the latitude is north or south, so many degrees above the 
horizon as are equal to the latitude of one of the given 
places ; bring that place to the brass meridian, and screw 
the quadrant of altitude upon the degree over it ; next 



% vacant place in the Pacific ocean, between America and New Hol- 
land; and anodier, in a flunilar manner, in the Atlantic between 
Africa and South America. Tbaxe are no rhumb -lines, neither on 
Cart'S} nor ou Bulsin'si globes. 

move 
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move the quadrant till its graduated edge falls upon the 
other place ; then the number of degrees on the woodea 
horizon, between the graduated edge of the quadrant and 
the brass rneridian, reckoning towards the elevated pole, 
is the angle of position between the two places. 

Examples. 1. What is tbe angle of position between 
London and Prague ? 

jiniuKT. 90 degrees trom the nnrth ton-ards the i^ast : the quodmnt 
of altitude will tall iipOD the east point of the horiznii, and pass over 
or noBT the following pUcea, viz. Rotlerdaro, FranlifDrl, Cracow, 
OekzDkov, CdHh, south part of tbe Coqiian Sea, Guzerot in India, 
MndiRS, nod part nf tlie island of Ceylon. Hcace all tliese places 
have the saine angle of position &oni London. 

2. ^Vha^ is the angle of position between London and 
Port lioyal in Jamaica? 

^asmr. 90 degrees froro the norib towards the west ; the quadrant 
of nttilude will fell upon the west point of the horizon. 

3. What is the angle of position between Philadelphia 
and Madrid? 

Aiamer. 65 degrees from the north towards the ensl j the quadrant 
of altitude will fall between IheE.N.E. and N-E. by E. points of tlie 

4. Required the a 

and the following pla( 

Amsterdam Copenhagen Rome 

Berlin Cairo Stockholm 

Beme Lisbon Petersburg 

Constantinople Madras Quebec 

The preceding proUlem has been the occBBion of man; diiqiule^ 
amotig writers on the globes Some suppose the angle of position to 
represent the true bearing of two places, viz. that paint if the compose 
upon Jchicli onyperion mmt conalanllt/ taS or trnixljjrom the one place la 
Ike other 1 while others contend that the angle of positioD between two 
places is very diSerent from tlieir bearing by tlie nuriner's compass. 
Wc shall here endeavour to set the mailer in a clear point of view- The 
fullowing figure represents a quarter of tbe sphere, slereographically 
projected on Ilie plane of the meridian with the half meridiuis and pa- 
rallels of latitude drawn through every tea degress; t representa the 
north pole, and e q a portion tit the equator. Now, by attending to 
ihe manner of finding Uie angle of portion, as laid (town in the fore- 
going problem, we shall find tliat the gjiadrant of altitude alwayiformt 
the ban of a iiiknicol triangle, Ihe ttro sides of tohich triangle are Ihe cart- 
jiUmtntt if the latiludei of Ihe ttDo placet, and the vertieat angle it Vair 
'lifiram ifbtngftvdc. The angles at the ban of this triangle are the 
— 'm of portion becwecD the two places, 

14 - 1. Wien 
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1. jnetit/ietw<>]<laceiaresilmaedimdiieiameperaildoflatittidt. 

Let two places l and o be utualed 
In Udtnde 50'' north, and dilftr- 
ing in longitude 4S ' 90', irbich will 
DeBrlif correspond with the Land's 
End and the eastern coast of Hev/- 
foundland {tee the note to Prob. IX.) ; 
then OF and i.r will be each 40 <1c- 
grees, the angle orL, measured by 
the arc w Q, will be 48° 50"; whence 
the arc of nearest dlstam^e □ » l 
may be found (by case III. yagu 
245, Keitk'a Trigimoinetry) being 30^£(_ 
39' 6", the angle rut equal to rOL, 
the triangle being isosceleB, is T(y> 
49* so" ; and if n be the middle point between L and 
of that point will be found to be 52° 37' north, i 
rn I. and f n o will be right angles. Now, if an indefinite n 
of points be taken along the edge of the quadrsnl of alutude, viz. on 
the arc I, n o, the angle of poBitian between l and each of these pianli 
wiU be N. 70= 49" 30" W. ; but, if it were possible for a ship to wfl 
along the arc I. n o, bf the compass, her latitude would gradually increiK 
between l and n, from 50° N. to 52' 37' N. ; and the couna ibe 
must steer would vary Irom 70° 49* 30" at l, to 90' at n. In bO- 
in^ from n to o, dte mtist decrease her latitude from 52° 37' N. to 
5^ N. and her courses must vary from 90', or directly west^ to 
70° 49* 30"; but, if a ship were to sail along the parallel of latitude 
L m o, her course would be invariably due west. Hence it foUovi 
that, if two places be situated on the same parallel of latitude, the 
angle of poaidon between them eannot represent their true bearing by 
the mariner's compass. 

CoaoLUKT. If the two places were situated on Ibe equator sa at 
iu and Q, the angle of position between q and w, and between q and 
all the intermediate points, as at x, would be 90 degrees. In itus case 
therefore, and in this Wy, the angle of position shell's the true bear- 
ing by the compass. 

2. If the two placet differ both in lalUtuUi and longitudes. 
Let L represent a plsce in latitude 50' N. ; j a place in latitude 
l.f 30' N., and let their difierenee of longitude bpl, measured by the 
arc £ a, be 52' 58'. Hie angle of position between l and ■ (calcu- 
lated by spherical trigonometry) will be found to be S. 68° 57' W. 
and the angle of position between a and i. wiU be N. 38° 5" E., 
wliercas, the direct course by the compass from l to a (calculated bj 
Mercatar-a SaiUng) is S. 50' 6" W. , and from a to L, it is N. 50° 6" E. 
if we assume any number of points on the arc l i, the angle of posi- 
tion between l and each of these paints will be invariable; vix- F i. v, 
r t, I, rt.y,Tht, f t-T, &c. are each «iu»l to 66" 5T : whfle Htf 
angle 
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angle of poHlion between each of these plates and i, vii. i v i.,rt L, 
r w L, p J I, T r I, &e. are conlinually diminisliing. If a flhip, there- 
fure, were lo sajl from i, on a S. 68° 57' W. course by the mariner"* 
CDinpMS, she would never arrive at a; and were she to sail from b, 
on a N. 38° 5' £. course by the rompass, she would never anise 



To find the Aniaci, Periceci, and Antipodes lo Ih^^^ 
inhahUanls of any place. 

Rule. Place the two poles of the globe in tlie horizoi), 
and bring the givei) place to the eastern part of the hori- 
zon i then, if the given place be in north latitude, ob- 
i*erve how many degrees it is to the northward of the east 
point of the horizon; the same number of degrees to the 
southward of the cast point will shew tlie Antoeci ; an 
equal number of degrees, counted from the west point 
of the horizon towards the north, will shew the FencEci ; 
and the same number of degrees, counted towards the 
south of the west, will point out the Aiitipoilts. If the 
place be in south latitude the same rule will serve by 
reading south for north, and the contrary. 

Oh thus: 

For the Aniceci. Bring the given place lo tlie brass 
meridian and observe its latitude, then in the opposite 
hemisphere, under the same degree of latitude, you will 
find die Antccci. 

For the Periceci. Bring the given place to the brass 
meridian, and set the index of the hour circle to 12, turn 
tlie globe half round, or till the index points to the other 
12, then under the latitude of the given place you will 
find tlie Perioeci. 

For the Antipodes. Bring the given place to the brass 
meridian, and set the index of the hour circle to 12, turn 
(lie globe half tound, or till the tndc>; noroW \.i 'Cn« «Onei 

K 5 \a/^^j 
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\% then under the same desree of latitude with the given 

place, hut in the opposite hemisphere, you will find the 

Antipodes. 

£}(AMFtBS. 1. Required the Antoeci, Periceci> and 

Antipodes, to the inhabitants of the island of Bermudas ? 
Answer, I'beir Antoed are situated in Bunguajy a little N.W. of 
Buenos Ayres; their V^inatti in China, K.W. of Nankin; and tfanr 
Antipodes in the S. W. part of NeW Holland. 

2. Required the Antoeci, Perioeci, and Antipodes, to 
the inhabitants of the Cape of Good Hope ? 

3. Captain Cook^ in one of his voyages, Was in SO de^- 
grees south latitude and 180 decrees of longitude; in 
what part of Europe were his Antipodes ? 

4. Required the Antoeci tot the inhabitants of the Falk- 
land islands ? 

. 5. Required the Perioeci to the inliabitants of the I%i-» 
lippine islilnds ? 

6. Wha|. inhabitants of the eaiih are Antipodes to 
those of Buenos Ayres ? 



Problem XVIL 

Tojind at what rate per hour the inhabitants ofdnt^ given 
place are carried^ from tvest to east^ hy the revolution of 
the earth on its axis^ 

Rule. Find how many miles make a degree of longi- 
tude in the Utitude of the given place (by I^oblem XIII.) 
which multiply by 15 for the answer. * 

Or, Look for the latitude of the given place in the 
table. Problem IX., against which you will find the num- 
ber of miles contained in one degree ; multiply these miles' 



* The treason of this rule is obvious^ for if m be the number of 
miles contained in a degree, we have 24 hours: SSO'^ xm. : : 1 hour 
: the answer; but, 24 is contained 15 times in 360; the^nefore 1 hour. 
: 15 xm. : : 1 hotir : the answer; that is, on a supposition that the 
earth turns on its axis from Weftt to east in 24 hours ; but we have 

before observed that it turns on its axis in 23 hoiurs $$ min. 4 sec. 

w/u'c/i wili make a small diffBr«nc^ixot770iVhTVQ^ce, 
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by 15, and reject two figures from the right hand of the 
product; the result will be tlie answer. 

Examples, 1. At what rate per hour are the inhabit- 
ants of Madrid carried from west to east bj the revolu- 
tion of the earth on its axis? 

Anmier. The ladlude of Modrii] is about -10^ N. where a drgrce of 
longitude measured 46 geographical, or 53 English miles [see Et- 
amplc 1. Prob. X.11I,) Now 46 multiplied bf 1 5 produces 690, and 
53 multiplied by 15 produces 795; lieiico tbe inhabitants of Madrid 
are carried 690 geographical, or 795 English miles per hotir, 

Bg the Table. Against the Lititude 40 you will ^nd iS-'JC gcogra- 
jihica] miles, and 52'aj English miles; Flence, 

45-96 )flS"S89'40 and SS-85 >t i5 = 792-7,'>, iiy rejecting the iwo 
righl-hand figures dam each product, tlic result will be 683 geogra- 
phical miles, and 792 English miles, agreeing ncarl; with the above. 

2. At what rate per hour are the inhabitants of tbe fol- 
lowing places carried from west to east by the revolutj 
of the earth on its ' " 



Skalholt 
Spitzbergen 

Petersburg 
London 



Philadelphia Cape of Good Hi 

Cairo Calcutta 

Barbadoes Delhi 

Quito Batavia. 

PaoBLKM XVIIL 



I 



A particular place and the hour of the day at that place 
being given, tojindwhat hour it it ai ani/ other place. 

Rule. Bring tlie place, at which the time is givea 
ta the brass meridian, and set the index of the hour circle 
to 12 " ; turn the globe till the other place comes ta the 
meridian, and the hours passed over by the index will 
be tl\e ditFerence of time between the two places. If the 
place where the hour is sought lie to the east of that 
wherein the time is given, count the difference of time 
forward from the given hour ; if it lie to the west, reckon 
the ditference of time backward. 
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Or, without the hour circle. 

Find the difference of longitude between the two 
places (by Problem VIII.) and turn it into time by allow- 
ing 15 degrees to an hour, or four minutes of time to 
one degree. The difference of longitude in time will 
be the difference of time between the two places, with 
which proceed as above. Degrees of longitude may be 
turned into time by multiplying by 4; observing that 
jninutes or miles of longitude, wnen multiplied by 4, 
produce seconds of time, and degrees of longitude, when 
multiplied by 4, produce minutes of time. 

It has been remarked m the note, page 6, that some globes have 
two rows of figures on the hour circle^ others but one : this difference 
frequently occasions confusion ; and the manner in which authors in 
general direct a learner to solve those problems wherein the hour 
circle is used, serves only to increase that confusion. In this, and in 
all the succeeding problems, great care has been taken to render the 
rules general for any hour circle whatsoever. 

Examples. 1. When it is ten o'clock in the morning 
at London, what hour is it at Petersburg ? 

jitisiuer. The difference of time is two hours ; and, as Petersburg 
is eastward of London, this ditference must be counted forward, so that 
it is 12 o'clock at noon at Petersburg. 

Or, The difference of longitude between Petersburg and London is 
30"* 25'', which multiplied l)y 4 produces 2 hours 1 min. 40 sec the 
difference of time shewn by the clocks of London and Petefsbuig : 
hence, as Petersburg lies to tlie east of London ; when it is ten o'clock 
in the morning at London, it is one minute and forty seconds past 
twelve at Petersburg. 

2* Wlien it is two o'clock in the afternoon at Alexan- 
dria in Egypt, what hour is it at Philadelphia ? 

Answer* Tlie difference of time is seven hours ; and because Phil- 
adclphia lies to the westward of Alexandria, this difference must be 
reckoned backward, so that it is seven o'clock in the morning at Phil- 
adelphia. 

Or, The longitude of Alexandria is SO® 16' E. 

The longitude of Phiiadelpliia is 75 19 W. 

Difference of longitude 105 35 

4 



Difference of longitude in time 7 li. 2 ra, 20 sec, 
tlic clocks at Philadelphia are s\o^«i iVvaa Uiosc of Alexandria ; hence 

y(hen 
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uhen it is [wo u'clock in llie afternoon at Aleiandria, it is 57 in. 40 sec. 
past »ii in the morning at Philndelphis. 

3. ^Vhen it is noon at London, what hour is it at Cal- 
cutta? 

4. When it is ten o'clock in the morning at London, 
what hour is it at Washington? 

5. Wtien it is nine o'clock in the morning at Janiatca, 
what o'clock is it at Madras? 

6. My watch was well regulated at London, and when 
I arrived at Madras, which was after a five months' voy- 
age, it was four hours and fifty minutes slower than the 
clocks there. Had it gained or lost during the voyage ? 
And how much ? 



P lion I. EM XIX. 

A particular place and the hour of the day heitig give 
'find all places on the globe where it is then noon, or any 
other given hour. 

Ilui-E. Drinc- the given place to tlie brass meridian, 
and set the index of the hour circle to 12; then, as the 
difference of time between tlie given and required places 
is always I<:dowq by the problem, if the hour at the re- 
(juircd places be earlier than the hour at the given place, 
turn the globe eastward till the index has passed over as 
many hours as are equal to the given difference of time ; 
hut, if the hour at the required places be later than tlie 
hour at the given place, turn the globe westward till the 
index has passed over as many hours as are equal to the 
given diifcrcnce of time ; and, in each case, all the places 
required will be found under the brass meridian. 

TOUT THE IIOUB CIRCLE. 

Ueduce the ditFerence of time between the given place 

und tlie retjuired places into minutes; these minutes, 

"videdby ■!■, will give degrees of longitude; if there be 

remaiiider ai^r dividing by 4, multiply it by 60, and 

divide tlie product by four, the quotient will be nunutes 
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or miles of longitude. The difference of longitude be- 
tween the given place and the required places being thus 
determined, if the hour at the required places be earlier 
than the hour at the given place, the required places lie 
so many degrees to the westward of the given place as 
are equal to the difference of longitude ; if the hour at 
the required places be later than the hour at the given 
place, the required places lie so many degrees to the east- 
ward of the given place as are equal to the difference of 
longitude. 

Examples. 1. When it is noon at London, at what 
places is it half-past eight o'clock in the morning? 

Answer. The difference of time between London, the given place, 
and the required places, is 3^ hours, and the time at tibe required 
places is earlier than that at London ; therefore the required places lie 
3^ hours westward of London : consequently, by bringing London to 
the brass meridian, setting the index to 12, and turning the globe east- 
ward till the index has passed over 3§ hours, all the required plaois 
will be under the brass meridian, as the eastern coast of Newfoundland, 
Cayenne, part of Fioragufy, &c. 

Or, The difference of time between London, the given place, tod 
the required places, is 3 hours 30 min. 

3 h. 30 m« Hie difference of longitude between the 

60 given place and the required places is 52° SC/. 

■ The hour at the required places being earb'er 

4)120 m. than that at the given place, they lie 52° 30' 

— westward of the given place. Hence, aQ 

52° — 2 places situated in 52° 30' west longitude from 

60 London are the places sought, and will be 

■ found to be Cayenne, &c. as above. 

4)120 



30 m. 

2. When it is two o'clock in the afternoon at London, 
at what places is it ^ past five in the afternoon ? 

Answer.' Here the difference of time between London, "the given 
place, and the required places, is 3§ hours ; but the time at the re- 
quired places is later than at London. The operation will be the 
same as in example 1, only the globe must be turned 3 J hours towards 
the west, because the required places will be in east longitude, or east- 
ward of the given place. The places sought are the Caspian Sea, 
western part of Nova Ziembla, the island of Socotra, eastern part of 
Madagascar, &c. 

3. When it is | past four in the afternoon at Paris, 
where is it noovii 
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4. When it ii ^ past seven in the morning at Ispalian, 

5. When it ia noon at Madras, where is it \ past six 
o'clock in the morning? 

€■ At sea in latitude 40° north, when it was ten o'clock 
in the morning by the time-piece, which shewi; the hour 
at London, it was exactly 9 o'clock in themorning at the 
ship, by a correct celestial observation. In what part of 
llie ocean was the ship ? 

?• When it is noon at London, what inhabitants of the 
earth have midnight ? 

8. When it is ten o'clock in the morning at London, 
where is it ten o'clock in the evening? 



To_find the sun's longitude [commonli/ callcdihe sun's place 
in the ediptic) and his declination. 

RutK. Look for the given day in the circle of months 
on the horizon, against which, in the circle of signs, are 
the sign and degree in which the sun is for that day. 
Find the some sign and degree b the ecliptic on the sur- 
face of the globe ; bring the degree of the ecliptic, thus 
found, to that part of the brass meridian which is num- 
bered from the equator towards the poles, its distance 
from the equator reckoned on the brass meridian, is the 
sun's declination. 

This problem mat/ he performed hy the celestial glo&e, 
tiling the same rule. 

Or, by the analemma.x 

Bring the analemnia to tliat part of the brass meridian 
which t» numbered from tlie equator towards the poles, 



• TV Analemma ii properly an ortiiograpliic projection of the 
ilihero on the pUne uf tlie meridian ; bul wluU is called the Anolenmis 
on tlie globe is a narrow «1ip uf pspw. the length of which it a^xul 
.0 the breadth of Oi« torrid wrae. It ia pisteA on same ^skm*. \^«ft 
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Partm. 



and the degree on the brass meridian, exactly above the 
day of the month, is the sun's declination. Turn the 
globe till a point of the ecliptic, correspo^ding to the day 
of the month, passes under the degree of the sun's de- 
clination, that point will be the sun's longitude or place 
for the given day. If the sun's declination be northy and 
increasing, the sun's longitude will be somewhere between 
Aries and Cancer. If the declination be decreasing, the 
longitude will be between Cancer and Libra. If the sun's 
declination be southy and increasing, the sun's longitude 
will be between Libra and Capricorn ; if the declination 
be decreasing, the longitude will be between Capricorn 
and Aries. 

The sun*s longitude and declination are given in the second page of 
every month, in the Nautical Mntanact for every day in that moncb; 
they are likewise given in WhiU*s ^EpheinerU, for every day in the year. 

Examples. 1. What is the sun's longitude and de- 
clination on the 15th of April ? 

Answer. The sun's place is 26° in Y*, declination lO'' N. 

2. Required the sun's place and declination fop the 
following days ? 



January 21. 
February 7. 
March 16. 
April. 8. 



May 18. 
June 11. 
July 11. 
August 1. 



September 9. 
October 16. 
November 17. 
December 1. 



on the globe, in the torrid zone, and is divided into months, and days 
of the months, corresponding to the sun's declination for every day m 
the year. It is divided into two parts ; the right-hand part begins at 
the winter solstice, or December 21st, and is reckoned upwaVds towards 
the summer solstice, or June 2 1st, where the left-hand part begins, 
which is reckoned downwards in a similar manner, or towards the 
winter solstice. On Cart's globes the Analemma somewhat resembles 
the figure 8. It appears to have been drawn in this shape for the con- 
venience of shewing the equation of tune, by means of a straight line 
which passes through the middle of it. The equation of time is placed 
on the horizon of Bardxm's globes. 



^^OBLEM 



3 TEHHESTHIAI 



Problem XXI. 



To j^ee the globe in the same situation with respect to 
THE sus, as our earth is at the Equinoxeo, at the 
euMMER SOLSTICE, and at the winter solstice, and 
thereby to shew the comparative lengths of the longest 
and shortest dayst* 

I. For the Euoinokes, Place the two poles of the 
globe in the horizon ; for at this time the sun has no dc- 
dination, being in the equinoctial in the heavens, whicli 
is an imaginary line standing vertically over the equator 
on the eartli. Now, if we suppose the sun to be fixed, 
at a considerable distance from the globcj vertically over 
that point of the brass oieridiau which is marked o, it is 
evident that the wooden horizon will be the boundary of 
light and darkness on the globe, and that the upper hemi- 
sphere will be enlightened from pole to pole. 

Meridians, or lines of longitude, being generally drawn 
on the globe through every ISdegreesof the equator, the 
GUM vnS apparently pass from one meridian to another in 
an hour. If younring the point Aries on the equator to 
the eastern part of the horizon, the point Libra will be 
in the western part thereof; end the sun will appear lo 
be setting to the inhabitants of London and to oil places 
under the same meridian : let the globe be now turned 
gently on its axis towards the east, the sun wilt appear 
lo move towards tlie west, and, as the dilferent places 



• la tills prubliiu, u in all otbcra where the pole is elevated to tlie 
Hin'a d>x;lii>ati(Hi, llic sun is luppoaol to tie fiicd, and the eiutb lo 
tiKm on its aiU from west to east. The airtbor of this work has a 
little l>ru« ball inadc to represent tlie sun i this bull is lited upon a 
Mrong win, and wlieu used, slides ant of a socket like an icronulic 
leJeacope. Tte socket is made to icrew to the brass meridian (of any 
Itlobe) over the lun's declination, and the little brass ball leprescnliBg 
the tiin, nuida over the dedinatioD, at > con^erable dimancv from 
tlJt globe. 
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isuccessively enter the dark hemisphere, the sun will ap« 
pear to be setting in the west. Continue the motion of 
the globe eastward, till London comes to the western 
edge of the horizon ; the moment it emerges above the 
horizon, the sun will appear to be rising in the east. If 
the motion of the globe on its axis be continued east- 
ward, the sun will appear to rise higher and higher, and 
to move towards the west ; when London comes to the 
brass meridian, the sun will appear at its greatest be^ht ; 
and after London has passed the brass meridian, he will 
continue his apparent motion westward, and gradually 
diminish in altitude till London comes to the eastern 
part of the horizon, when he will again be setting. Dur- 
ing this revolution of the earth on its axis, every place on 
its surface has been twelve hours in the dark henusphere, 
and twelve hours in the enlightened hemisphere; con- 
sequently the days and nights are equal all over the 
world ; for all the parallels of latitude are divided into 
two equal parts by the horizon, and in every degree of 
latitude there are six meridians between the eastern part 
of the horizon and the brass meridian ; each of these me- 
ridians answers to one hour, hence half the length of the 
day is six hours, and the whole length twelve hours. 

If any place be brought to the brass meridian, the 
number of degrees between that place and the horizon 
(reckoned the nearest way) will be the sun's meridian 
altitude. Thus, if London be brought to the meridian, 
the sun will then appear exactly south, and its altitude 
will be 38^ degrees ; the sun's meridian altitude at Phila- 
delphia will be 50 degrees; his meridian altitude at 
Quito 90 degrees; and here, as in every place on the 
equator, as the globe turns on its axis, the sun wiU be 
vertical. At the Cape of Good Hope the sun will appear 
due north at noon, and his altitude will be 55^ degrees. 

2. For the Summer Solstice. — The summer sol- 
stice, to the inhabitants of north latitude, happens on the 
2 1 St of June, when the sun enters Cancer, at which time 
his declination is 23° 28' north. Elevate the riorth pole 
23^ degrees above the northern point of the horizon, 
bring the sign of Cancer in the ecliptic to the brass me- 
ridian) 
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ridian, and over that degree of the brags meridian under 
which this sign stands, let the sun be supposed to he 
fixed at a considerable digtance from the globe. 

While the globe remains in this position, it will be 
seen that the equator is exactly divided into two equal 
pans, the equinoctial point Aries being in the weBtem 
part of tlie horizon, and the opposite point Libra in the 
eastern part, and between the horizoD and the brass me- 
ridian (counting on the equator) there are six meridians, 
each fifteen degrees, or an hour apart, consequently the 
day at the equator is twelve hours long. From the equa- 
tor northward as far as the Arctic circle, the ditirnal 
arw will exceed the nocturnal arcs ; that is, more than 
one half of any of the parallels of latitude will be above 
the horizon, and of course less than one half will be be- 
\ow, BO that the days are longer than the nights. All 
the paralleis of latitude within the Arctic circle will be 
whoDy above the horizon, consequently those inhabitants 
will have no night. From the equator southward, as 
fta as tlie Antarctic circle, the nocturnal arcs will ex- 
ceed the diurnal arcs; that is, more than one half of 
any one of the parallels of latitude will be below the 
horizon, and consequently less than one half will be 
nbove. All the parallels of latitude within the Antarctic 
circle, will be wholly below the horizon, and the inha- 
bitants, if any, will have twilight or dark night. 

From a little attention to the parallels of latitude, 
while the globe remains in this position, it will easily be 
seen that the arcs of those parallels which are above 
ihe horizon, north of the equator, are exactly of the same 
length a» those below the horizon, south of the equator ; 
consequently, when the inhabitants of north latitude have 
the longest day, those in south latitude have the longest 
night. It will likewise appear, that the arcs of those 
pu-allcls which are above the horizon, south of the equa- 
tor, are exactly of the same length as those below the 
boriEon north of the equator ; therefore, when the inha- 
« who are situated south of the equator have the 
t day, those who live north of the equator have 
It night. 

By 
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By coUnling the number of meridians (supposing tliem 
to be drawn through every fifteen degrees of the equator) 
between the horizon and the brass meridian, on anj 
parallel of latitude, half the length of the day will be de- 
termined in tbot latitude, the double of which is the 
length of the day. 

1. Jo the parallel of 20 degrees north latitude, there 
are six meridians and two thirds more, hence ttie longest 
day is 13 hours and 20 minutes; and, in the parallel of 
20 degrees south latitude, there are five meridians and 
one third, hence the shortest day in that latitude is ten 
hours and forty minutes. 

2. In the parallel of 30 degrees north latitude, there 
are seven meridians between the horizon and the brsis 
meridian, hence the longest day is 14 hours ; and in the 
same degree of south latitude, there are only five me- 
ridians, hence the shortest day in that latitude is ten 
hours. 

3. In the parallel of 50 degrees north latitude there are 
eieht meridians between the horizon and the brass me* 
ridian ; the longest day is therefore sixteen hours; and 
in the same degree of south latitude there are only fooi 
meridians ; hence the shortest day is eight hours. 

4. In the parallel of 60 degrees north latitude, then 
are 9^ meridians from the horizon to the brass meridian, 
hence the longest day is 18^ hours ; and, in the same de- 
gree of south latitude, there are only 2i meridians, the 
length of the shortest day ts therefore 5^ hours. 

By turning the globe gently round on its axis from wett 
to east, we shall readily perceive that the sun will be 
vertical to all the inhabitants under the tropic of Cancer, 
as the places successively pass the brass meridian. 

If any place be brought to the brass meridiaD, Ae 
number ot degrees between that place and the horizon 
(reckoned the nearest way) will shew the sun's meridian 
altitude. Thus, at London, the sun's meridian altitude 
will be ibuud to be about 62 degrees; at Petersburg 5H 
degrees, at Madrid 73 degrees, &c. To the inhabitant! 
of these places the sun appears due south at noon. Al 
Madras iTie sun's meridian altitude will be 79i degrees, 
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at the Cape of Good Hope 32 degrees, at Cape Horn lOJ 
ttegrecB, &c. The sun will appear due north to the inha- 
bitants of these places at noon. If the southern extre- 
mity of Spitsbergen, in latitude 76^ north, be brought 
to that part of the brass meridian which is numbered 
from the equator towards the poles, the sun's meridian 
altitude will be 37 degrees, which is its greatest altitude; 
and if the globe be turned eastward twelve hours, or till 
Sciitzbergen comes to that part of the brass meridian 
wnich is numbered from the pole towards the equator, the 
sun's altitude will be ten degrees, which is its least alti- 
tude for the day given in the problem. It was shewn, in 
the foregoing part of the problem, that, when the sun is 
vertically over the equator in the vernal equinox, the 
north pole begins to be enlightened, consequently tiie 
farther the sun apparently proceeds in its course north- 
ward, the more day-light will be diffused over the north 
polar regions, and the sun will appear gradually to in- 
crease in altitude at the north pole, till the 21st of June, 
when his greatest height is 33^ degrees ; he will then 
eradually diminish in height till the 23d of September, 
me time of the autumnal equinox, when he will leave 
the north-pole, and proceed towards the south : conse- 
quently the sun haa been visible at the north pole for sIk 
months. 

S. For THE Winter Solstice, — The winter solstice, 
\0 the inhabitants of north latitude, happens on the tilet 
of December, when the sun enters Capricorn, at which 
time his declination is 23° 28' south. Elevate the south 

eolc 291 degrees above the southern point of the horizon, 
ring the sign of Capricorn in the ecliptic to the brass 
meridian, nnd over that degree of the brass meridian 
under which this sign stands let the sun be supposed to be 
fixed at a considerable distance from ihe globe. 

Here, as at the summer solstice, the days at the equator 
will be twelve hours long, but the equinoctial point Aries 
will be in the eastern part of the horizon, and Libra in 
the western. From the equator southward, as far as the 
Antarctic circle, ihe diurnal arcs will exceed the ttocturnat 
aret. All the parallela of latitude within the Antarctic 
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circle will be wholly above the horizon. From the equa- 
tor northward, the nocturnal arcs will exceed the diurnal 
arcs. All the parallels of latitude within the Arctic circle 
will be wholly below the horizon. The inhabitants south 
of the equator will now have their longest day, while 
those on the north of the equator will have their shortest 
day. 

As the globe turns on its axis from west to east, the sun 
will be vertical successively to all the inhabitants under 
the tropic of Capricorn. By bringing any place to the 
brass meridian, and finding the sun's meridian altitude 
(as in the foregoing part of the problem), the greatest 
altitudes will be in south latitude, and the least in the 
north; contrary to what they were before. Thus, at 
London, the^ sun's greatest altitude will be only 15 de- 
grees, instead of 62 ; and its greatest altitude at Cime 
Horn will now be 57^ degrees, instead of 10^, as at toe 
summer solstice: hence it appears, that the difference 
between the sun's greatest and least meridian altitude at 
any place in the temperate zone, is equal to the breadth 
of the torrid zone, viz. 4«7 degrees, or more correctly 46* 
^'. On the 23d of September, when the sun enters 
Libra, that is, at the time of the autumnal equinox, the 
south pole begins to be enlightened, and, as the sun's 
declination increases southward, he will shine farther over 
the south pole, and gradually increase in altitude at the 
pole ; for, at all times, his altitude at either pole is equal 
to his declination. On the 21st of December, the sun 
will have the greatest south declination, after which his 
altitude at the south pole will gradually diminish as his 
declination diminishes ; and on the 21st of March, when 
the sun's declination is nothing, he will appear to skim 
along the horizon at the south pole, and likewise at the 
north pole ; the sun has therefore been visible at the south 
pole for six months. 



Problem 
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Problem XXII. 

To place the globe in the same situation, with hespecx to 
THB Polar Stak in the heavens, as our earth is to the 
inhahilanti of the equator, SfC. vis. to illustrate the three 
positions of the sphere, right, parallel, aW oblique, 
so as to ahem the comparative length of the longest and 
shortest da^s.* 

J 1. For the Right Sphere. "Die inhabilants who 
live upon the equator have a right sphere, and the north 
polar star appears always in (or very near) the horizon. 
flacc the two poles of the globe in the horizon, then the 
north pole will correspond with the north polar star, and 
all the heavenly bodies will appear to revolve round the 
earth from east to west, in circles parallel to the equi- 
noctial, according to their different declinations : arm 
half of the starry heavens will be constantly above the 
horizon, and the other half below, so that the stars wUI 
be visible for twelve hours, and invisible for the same 
space of time ; and, in the course of a year, an inhabilant 
uport the equator may see all the stars in the heavens. 
THie ecliptic being drawn on the terrestrial globe, young 
ftudents are often led to imagine that the sun apparently 
moves daily round the earth m the same oblique manner. 
To correct this false idea, we must suppose the ecliptic 
to be transferred to the heavens, where it properly points 
out the sun's apparent annual path amongst the fixed 
stars. The sun s diurnal path is either over the equator, 
as at the time of the equinoxes, or in lines nearly parallel 
to the equator; this may be correctly illustrated by 
listening one end of a piece of packthread upon the point 
Aries on the equator, and winding the packthread round 



III UiiK problem, and in oil oUicrs nhero Die pole i^ cluvaled to 
Ihc Utituil* of I given plHce, the earth is supposeil to be liied, siiJ 
■Iw tun tg moTC round it Trom east lo nest. When tiiv given place 
S> bniugbt lu tlu! brau meridian, llie noodea horizon it the true ta- 
tioanl tioriion uf tint plai-e. but it doeii not separate ttie onllghtcnL-H 
ptrt ofilH gltriie £rota Itie duk put, ts in the prwediD^^nMon- 
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the globe towards the right hand, so that one fold may 
touch another, till you come to the tropic of Cancer; 
thus you will have a correct view of the sun's apparent 
diurnal path froiii the vernal equinox to the summer 
solstice ; for, afler a diurnal revolution, the sun does not 
come to the same point of the parallel whence it departed, 
but, according as it approaches to or recedes from the 
tropic, is a little above or below that point. When the 
sun is in the equinoctial, he will be vertical to all the in- 
habitants upon the equator, and his apparent diurnal path 
will be over that line : when the sun has ten degrees of 
north declination, his apparent diurnal path will be fhwi 
east to west nearly along that parallel. When the sun 
has arrived at the tropic of Cancer, his diurnal path in 
the heavens will be along that line, and he will be vertical 
to all the inhabitants on the earth in latitude 23** 28' north. 
The inhabitants upon the equator will always have twelve 
hours day and twelve hours night, notwithstandmg the 
variation of the sun's declination from north to souA, or 
from south to north; because the parallel of latitude 
which the sun apparently describes for any daywill always 
be cut into two equal parts by the horizon. The greiatest 
meridian altitude of the sun will be 90°, and jthe least 
6&^ 32'. During one half of the year, an inhabitant on 
the equator will see the sun full north at noon, and during 
the other half it will be full south. 

2. For the Parallel Sphere. — The inhabitants 
(if any) who live at the north pole have a parallel sphere, 
and the north polar star in the heavens appears exactly 
(or very nearly) over their heads. Elevate the north pole 
ninety degrees above the horizon, then the equator will 
coincide with the horizon, and all the parallels of latitude 
will be parallel thereto. In the summer half-year, that 
is, from the vernal to the autumnal equinox, the sun will 
l^pear above the horizon, consequently the stars and 
planets will be invisible during that period. When the 
sun enters Aries, on the 21st of March, he will be seen 
by the inhabitants of the north pole (if there be any in- 
habitants) to skim just along the edge of the horizon: 
and as he increases in declination, he will increase in 

altitude. 
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altitude, forming a kind of spiral, as before described, by 
iv-riLpping a thread round the globe. The sun's altitude 
at any particular hour is always equal to his declination. 
The greatest altitude the sun can have is 23° 2S', at 
which time he has arrived at the tropic of Cancer; after 
which he will gradually decrease in altitude ae his de- 
clination decreases. When the sun arrives at the sign 
Libra, he will again appear to skim along the edge of the 
horizon, after whicli he will totally disappear, having been 
above the horizon for six months. Though the inhabit- 
ants at the north pole will lose sight of the sun a short 
time after the autumnal equinox, yet the twilight will 
continue for nearly two months ; for the sun will not be 
18° below the horizon till he euters the 20lh of Scorpio, 
as may be seen by the globe. 

Afler the sun has descended 1S° helow the horizon, all 
the stars in the northern hemisphere will become visible, 
and appear to have a diurnal revolution round the earth 
from east to west, as the sun appeared to have when he 
was above the horizon. These stars will not set during 
the winter half of the year ; and the planets, when they 

I are in any of the northern signs, will be visible. The in- 
habitants under the north polar star have the moon con- 
stantly above their horizon during fourteen revolutions of 
the earth on iti axis, and at every full moon which hap- 
pens, from the 23d of September to the Slst of March, 
the moon is in some of the northern signs, and conse- 
quently visible at the north pole; for the sun being below 
tnc horizon at that time, the moon must be above the 
horizon, because she is always in that sign which is dia- 
metrically opposite to the sun at the time of full moon. 
When the sun is at his greatest depression below the 
( horizon, being then in Capricorn, the moon is at her 
I First Quarter in Aries: Fuix in Cancer; and at her 
\ TfliHD QuAftTEH in Libra: and as the beginning of 
, Arie* i« the rising point of the ecliptic. Cancer the high- 

I est, and Libra the setting point, the moon rises at her 
FiKST Quarter in Aries, is most elevated above the 
Imiuxor, and I-ull in Cancer, and sets at the beginning 
iif Libra in her TitiRO Quarter; having been vixibk 
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Sot fourteen revolutions of the earth on. its axis, viz. during 
the moon's passage from Aries to Libra. Thus the north 
pole is supplied one half of the winter time with constant 
moonlight in the sun's absence ; and the inhabitants only 
loae sight of the moon from her Tmird to her First 
Quarter, while she gives but little light, and can be ol' 
Mttie or no service to tbem. 

3. For the Oblique Sphere. — Whenever the ter- 
restrial globe is placed in a proper situation with respect 
to the fixed stars, the pole must be elevated as many de- 
grees above the horizon as are equal to the latitude of tlie 
given place, and the north pole of the globe must poiQl 
to the north polar star in the heavens ; for in sailing, or 
travelling from the equator northward, the north polar 
star appears to rise higher and higher. On the equator 
it will appear in the horizon ; in ten degrees of sortn lati- 
tude it will be ten degrees above the horizon ; in twenty 
degrees of north latitude it will be twenty degrees above 
the horizon ; and so on, always increasing in altitude b> 
the latitude increases. Every inhabitant of the earth, 
except those who live upon the equator, or exactly under 
tlie north polar star, has an oblique sphere, mz. iUe 
equator cuts the horizon obliquely. By elevating and 
depressing the poles, in several problems, a young student 
is sometimes led to unagine tliat tlie earth's axis tnova 
northward and southward just as the pole is raised or 
depressed : this is a mistake, the earth's axis has no sucli 
morion. • In travelling from the equator northward, oat 
horizon varies ; thus, when we are ou the equator, tbu 
northern point of our horizon is exactly opposite the north 
polar star ; when we have travelled to ten degrees north 
latitude, the north point of our horizon is ten degrees 
below the pole, and so on: now, the wooden horizon on 
the terrestrial globe is immoveable, otherwise it ought to 
be elevated or depressed, and not the pole ; but' whether 
we elevate the pole ten degrees above the horizon^ or de- 
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preBB the north point of the liorizon ten degrees below 
the pole, the appearance will be exactly the same. 

The latitude of London U about 51i degrees north : if 
London be brought to the brass meridian, and the north 
pole be elevated 514 degrees above the north point of the 
wooden horizon, then the wooden horizon wOl be the true 
horizon of London; and, if the artificial globe he placed 
exactly north and south by a mariner's compass, or by a 
meridian line, it will have exactly the position which the 
real globe has, Noiv, if we imagine fines to be drawn 
through every degree * within the torrid zone, parallel to 
the equator, they will nearly represent the sun's diuroal 
path on any given day. By comparing these diurnal 

fiaths with each other, they will be found to increase in 
ength from the equator northward, and to decrease in 
length from the equator southward ; consequently, when 
the sua is north of the equator, the days are increasing in 
length; and when south of the equator, the days are de- 
creasing. The sun's meridian altitude for any day may 
be found by counting the number of degrees from the 
parallel in which the sun is on that day, towards the hori- 
zon, upon the brass meridian ; thus, when the sun is in 
that parallel of latitude which is ten degrees north of the 
eouator, his meridian altitude will be 48i degrees. 
Though the wooden horizon be the true horizon of the 
given place, yet it does not separate the enlightened hemi- 
sphere of the globe Irom the dark hemisphere, when the 
pole is thus elevated. For instance, when the sun is in 
Aries, and London at the meridian, all the places on the 
globe above the horizon beyond ^those meridians which 
pass through the east and west points thereof, reckoning 
towards the north, are in darkness, notwithstanding they 
are &bov« the horizon : and all places below the horizon, 
between those same meridians and the southern point of 
the horizon, have day-light, notwithstanding they ■ 
below the horizon of London. ^ 
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poles, and mark its latitude ; turn the globe on its axis, 
and obfierve what two points a£ the ecliptic pass under 
tiiat latitude : seek those points of the ecliptic in the 
circle of signs on the horizon, and exaetly against them, 
in the circle of months, stand the dap required. 

Or, by the analemma. 

Find the latitude of the girea place (by Problem L), 
and lEArk it on the brass Bueridian ; bring the analemma 
to the brass meridian, upon which, exactlv under the 
latitude, will be found the two days required* 

Examples. 1. On what two days of the year will the 
sun be verticd at Miuiras ? 

Amvier. On the 25th oiAjptil and on the ISth of Auguit. . 

2. On what two days of the year i$ the sun vortieal at 
the following places ? 

OVhy'hee St. Helena Sierra Leone 

Friendly Isles Bio Janeiro Vera Cruz 

Straits of Alass Quito Manilla 

Penang Barbadoes Tinian Isle 

Trincomal^ Porto Bello Pelew Islands. 



Problem XXV. 

The month and the day of the month being given {at any 
place not in the frigid zones), tojind tiohat other day of 
the year is of the same length. 

Rule. Find the sun's place in the ecliptic for the 
given day (by Problem XX.), bring it to the brass meri- 
dian, ana observe the degree above it ; turn the globe on 
its axis till some other point of the ecliptic falls uiMler the 
same degree of the meridian ; find this point of the ecliptic 
on the horizon, and directly against it, you will find the 
day of the month required. 

This problem masf be performeH by tkeceUiM ^obe in the m 



Ok, 
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LooIe for ihe given day of the mouth on the analemma, 
and adjoining to it you wil) find the required day of the 
month. 

Or, without a globe. 

Any two dayB of the year wliich are of the same length, 
will be an equal Dumber of days from the longest or 
shortest day. Hence, whatever number of days the 
given day is before the longest or shortest day, just so 
many days will the required day be after the longest or 
ehorteHt day, et contra. 

ExA.MPJ.Es. 1. What day of the year is of the same 
length B» the 25th of April i' 

Atiiwer. The 1 fith of Auguit. 

2. What day of the year is of the same lengtli as the 
2Sth of May ? 

3. If the suu rise at four o'clock in the morning at 
London on the 17th of July, on what other day of the 
year will it rise at the same hour? 

4. If the sun set at seven o'clock in the evening at 
London on the 24th of August, on what other day of the 
year will it set at the same liour ? 

5. If the sun's meridian altitude be 90° at Trincomale, 
in the Island of Ceylon, on the 12tli of April, on what 
other day of the year will the meridian altitude be the 
same? 

6. If the sun's meridian altitude at London, on the 
25lh t»f April, be 51" 35', on what other day of the jear 
will the meridian altitude be the same ? 

7. If the Bun be vertical at anyplace on the 15th of 
April, how many days will elapse before he is vertical a 
second tinie at that place ? 

8. If the sun be vertical at any place on the 20th of 
August, how many days will elapse before he is vertical 
a second time at that place? 
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Problem XXVI. 

The month, day, and hour of the day being given, to find 
txihere the sun is vertical at that instant* 

Rule, find the sun*s declination (by Problem XX.), 
and mark it on, the brass meridian ; bring the given place 
to the brass meridian, and set the index of the hour-circle 
to twelve ; then, if the given time be before noon, turn 
the globe westward as many hours as it wants of noon ; 
but, if the given time be past nomi, turn the globe east- 
tvdrd as many hours as the time is past noon ; the place 
exactly under the degree of the sun's declination will be 
that sought. 

Examples. 1. When it is forty minutes past six 

o'clock in the morning at London on the 25th of April, 

where is the sun vertical ? 

Ajiswer. Here the given time is five hours twenty minqtes before 
noon ; hence the globe must be turned towards the ivest till the hifdex. 
has passed oyer five hours twenty minutes*, and under the sun*» de- 
clination on the brass meridian you will find Madras, the pUce 
required. 

2. When it is four o'clock in the afternoon at London, 
on the 18th of August, where is the sun vertical ? 

Ansv3er. Here the given time is four hours past noon ; hence the 
globe must be turned towards the east, till the index has passed over 
four hours, then under the sun's declination, you will find Barbadoes, 
the place required. 

3. When it is three o'clock in the afternoon at London, 
on the 4th of January, where is the sun vertical ? 

4. When it is three o'clock in the morning at London, 
on the 11th of April, where is the sun vertical? 

5. When it is thirty-seven minutes past one o'clock in 
the afternoon at the Cape of Good Hope, on the 5th of 
February, where is the sun vertical ? 



♦ If the-hour circle be not divided to twenty minutes, tiu-n the 
globe westward till the index has passed over five hours and a quarter ; 
then by turning it a degree and a quarter farther to the west (answer- 
ing to five minutes of time) the solution will be exact. See the note 
to the next problem. The degrees must be counted on tlie equator. 

6. WTien 
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6. When il is eleven minules past one o'clock iu t'ne 
attemoon at London, on the 29t!i of April, where U tlio 
sun vertical ? 

7. When it Is tucenty minutes past five o'clock in tbe 
afternoon at Pliiladelphia, on the 18th of May, where is 
the sun vevtical ? 

8. Wl:en it is nine o'clock in the ntoming at Calcutta, 
on the 1 Ith of April, where is the sun vertical ? 

Problem XXVII. 
'I'he month, day, nitd hour of the dai/ at anif place being 
^ive/i, to Jiaa <dl those places of the earth Vihere the sun 
M rising, those places wh&re the sati is selling, those 
places that have noon, that particular place where the sun 
is vertical, those places that have muratng tmUisht, those 
places that have evening txcilight, and those places thcA 
Aave midnight. 

Rule. Find the sun's declination (by Problem XX.), 
and mfH'k it on the brass meridian ; elevate the north or 
south pule, according as the suu's declination is north or 
south, aa many degrees above the horizon as ore equal 
to the sun'^i declination i bring the given place to the 
brass meridian, and Bet the index of the hour-circle t« 
twelve : then, if the given time be before noon, turn the 
globe westward as many hours as it wants of noon ; but, 
if the given time be post noon, turn the globe eixstward 
as many hours as the time is past noon ; keep the globe 
in tills position ; then all places along the westeru edge 
oi' tlie nuriiion have the sun rising ; those places along 
llie eastern edge have the sun setting ; those under the 
brass meridian above tbe horizon, have noon : that par- 
ticular place which stands under the sun's declination on 
the brass meridian, has the sun vertical ; all places be- 
low tlie western edge of the horizon, within eighteen de- 
grees, have morning twilight; those places which aie 
below the eastern edge of the horizon, within eighteen 
degrees, liave eveuing twilight ; all places under the 
broM meridian below the horizon, have midnight ; all the 
places above the horizon have day, and those below it 
iqave night or twilight. 
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o'clock in the morning at London, on the titlh of Marcli, 
find all places of tlie earth where the sun is rising, get- 
ting, &c, &c. 

Amvier. The sun's declination vrill lie found lo be ej;° south; Ihen- 
fore, elevati: [be soutli pole 6^ above the horiion. The gi^-eu dme 
being seveo hours eight minutes before noon ( — 12 b. — 4h. 5BinO 
Ihe globe must be turned tonoids the vieU till the indci liu psraed 
i»ver spyeu hours eight minutes. • Let the globe be died in this 
portion; then, 

Thx son is rising at the western patt of the While Sea, retenburg, 
the MorcB in Turkey, &e. 

Stating at the eaateni coast of Kiuntschatka, Jesus iiland, Palmeratia 
islam], &r, between (he Friendly and Society islands. 

Noon at the lake Bdkal in ItkouUk, Cochin Cbino, Cambodii, 
Sunda islands, Ac. 

Verticid at Batavia. 

Marmng iv/iU^t at Sweden, part of Germany, Ihe southern pan of 
Italy, Sicily, tbe western coast of Africa along the ^Ihiopiin Oceu, 
Ac. 

Eoenittg luiiligtl at the north-west eitremity of Nortli America, iht 
Sandwich islanils, Society i>Unds, &c 

l,ndmgbt at Labrador, New York, Western part of SC DoouDga, 
Chili, and the western coast of South America. 

Day M tlie eastern part of Russia in Europe, Turkey, Egypt, thp 
Cape of Good Hope, and all the eastern part of Africa, almost dK 
uhole of Aas, &e. 

Xfight at the whole of North and South Atnerica, the western pail 
of Africa, tbe British isles, France, Spain, Portugal, &c. 

2. When it is four o'clock in the ufternoon at Loodon, 
on the 35th of April, where is the sun rising, setting, 
&c. &c. 

jlHSuier. The sun's declination being 13" north, the north pole 
must be elevated 13' above the horiionfi and an Uie girea tinie is 
four o'clock in the afternoon, the globe must be turned four hours lo- 
wards Ihe east; then the sun will be riling at O'why'bec, &c. m$img 
Btthe Cape of Good Hope, &c.i it will be mwn at Buenos Ayn^ 4b 



' The hour-circtes, in general, are not divided into parts len dan 
a quarter of an hour, but ihe odd minutes are easily reckoned. In 
itiis example, having turned tbe glot)e westward till tbe index faw 
pasted over seven hours; then, because four minutes of dme nuke 
one degree, reckon liiif> degrees on tbe equaWr eastward, and turn the 
globe till they pass under the brass meridian. 

f If the hour-circle of tlic globe be placed abomr Ihe brass meridiaa, 
it must be unscrewed and temavod from the pole; the houn may 
tbea be counted on the equaUr. Bee ftie wAe \>i As^TLVdas. ISi p. t. 
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ihe lun will Ik verlical at Barbndoci, «ncl, follawiog Ihe dircclions in 
)he prulilcm, all the othir places are readily found. 

3. When it is ten o'clock in the morning at London, on 
tlie longest day, to what countries is the sun rising, set- 
ting, &c. &C-? 

i. When it is ten o'clock In the afternoon at Dotany 
Bay on the 15tli of October, where is the sun rising, 
setting, &c. Ac? 

5, When it is seven o'clock in the morning at Wasliing- 
lon, on the 17th of February, where is the sun rising, set- 
ting, &Q. &C.? 

6. When il is mlilnight at the Cape of Good Hope on 
the 27thof July, where is the sun rismg, setdng, &c,&c.? 

probi-em xxvni. 

To find the time of the sun's rising and setting, and Ihe 
length of the dai/ and night, at any place not inthe/rigid 

Rule. Find ihe sun's declination (by Problem XX.) 
and elevate the nortli or south pole, according as the 
declination is north or south, so many degreoB above tlie 
horizon as are ccjual to the sun's declination ; bring the 
given place to the brass meridian, and set the index of 
the hour-circle to twelve ; turn the globe eaifaiard till the 
given place comes to the eastern semi-circle of the hori- 
zon, and the number of hours passed over by the index 
will be the time of the sun's setting: deduct these hours 
from twelve, and you have the time of the sun's rising ; 
because the sun rises as many hours before twelve as it 
sets after twelve. Double the time of the sun's setting 
gives the length of the day, and double the time of rising 
gives the length of the night. 

By lltc uinc rule, tin.' Ii3i)jtli of Ilie hngcil dajr, M all places not in 
ihe rrigid lanM, may Ik rctulilf founil ; tot The tongert iluy at all 
pUcoin nonli latitude ii on Ihe Slat oT Jime, or nhen Ibe lUn enlcr< 
Cancer; and tlie loiiB«st ilay at all places in louth latitude is o,i tlie 
■2l» of Dttccmbir, or when ihu sun entcti the sign Capricorn. 

Oh, 

Find tl)e latitude of the given place, and elevate the 

north or south pole, according as the Wwu&e '■» TO«*^ «t 
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south, so many degrees above the horizon as are equal to 
the latitude ; fin4 the sun's place in the ecUptic (by Pro- 
blem XX.), bring it so the brass meridian, and set the 
index of the hour-circle to twelve ; turn the globe toest- 
tvard till the sun's place come to the western semicircle 
of the horizon, and the number of hours passed over by 
the index will be the time of the sun's setting ; and these 
hours taken from 'twelve will give the time of rising ; then, 
as before, double the time of setting, gives the length of 
the day, and double the time of rising gives the length of 
the night* 

Or, by the analemma. 

Find the latitude of the given place, and elevate the 
north or south pole, according as the latitude is north or 
south, the same number of degrees above the horizon ; 
bring the middle of the analemma to the brass meridian, 
and set the index of the hour circle to twelve ; turn the 
globe westward till the day of the month on the analemma 
comes to the western semicircle of the horizon, and th# 
number of hours passed over by the index will be the time 
of the sun's setting, &c. as above. 

Examples. I. What time does the sun rise and set at 
London on the 1st of June, and M'hat is the length of the 
day and night ? 

Answer, The sun sets at 8 min. past 8, and rises at 52 min. past .i, 
the length of the day is 16 Iiours 16 minutes, and the length of the 
night 7 hours 44 minutes. The learner will readily perceive that if 
tlie time at which tlie sun rises be given, the time at which it sets, 
together with the length of the day and night, may be found without a 
globe ; if tlie length of the day be given, the length of the night and 
tlie time the sun rises and sets may be found ; if tlie length of the 
night be given, the length of the day and the time the sun rises and 
sets are easily known. 

2. At what time does the sun rise and set at the follow- 
ing places, on the respective days mentioned, and what is 
the length of the day and night ? 

London, 17th of May Cape of Good Hope, 7 Dec. 

Gibraltar, 22d of July Cape Horn, 29th January 

Edinburgh, 29th January Washington, 15 December 
Botany Bay, 20th February Petersburg, 24th October 
Pekin, 20th of April \\ Coxislawtino^le, 18th Aug. 
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3, Find the time the sun rises and sets at every place 

on the Burface of the globe on the 2lBt of March, and 

likewise on the 23d of September, 
■t. Required the length of the longest day and shortest 

night at the following places : '■^H 

London Pans Pekin ^^^H 

Petersburg Vienna Cape Horn ^^^^| 

Aberdeen Berlin Washington ^^^1 

Diibiii! Buenos Ayres Cape of Good Hope 

Glasgow Botany Bay Copenhagen, 

5. Uequired the len^rth oi the shortest day and longest 

night at the fallowing places : -^^^— 

London Lima Paris .^^H 

Archuntfcl Mexico O'why'hee ^^^H 

O Taheitce St. Helena I^isbon ^^^1 

Quebec Alexandria Falkland islands, ^^^^ 

(j. How much longer is the 2Ist of June at Petersburg 

than at Alexandria ? 

7. How much longer is tlie 2Ist of December at Alex- 
■mdria than at Petersburg? 

8. At what time does the sun rise and set at SpitKber- 
gen on the 5th of April? 

Problem .\XIX. 

The length of the day at any place, not in the frigid xoues, 
lieittg givrnt to Jind the sun's decliiiatiou and the day of 
the month. 

Rule. Bring the given place to the brass meridian, 
and set the index to twelve ; turn the globe eastward till 
ihe index has passed over as many hours as arc equal to 
lialf the length of the day ; keep the globe from revolv- 
ing cm its axis, and elevate or depress one of the poles 
till the given place exactly coincides with the eastern 
aeniicirele of the horizon j the distance of the elevated 
pole from the horizon will be the sun's declination: mark 
tlic sun's declination, thus found, on the brass meridian : 
turn the globe on its axis, and observe what two points of 
the ecliptic pass under this mark ; seek tliose points in 
the circle of signs on the horizon, and exactly against 
them, in tlie circle of months, stand the days of the months 
re 1 mired. 
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Or, 

Bring the meridian passing through libra* to com- 
dde with the brass meridian, elevate the pole to the lati- 
tude of the place, and set the index of the hour circle to 
twelve ; turn the globe eastward till the index has passed 
over as many hours as are equal to half the length of 
the day, and mark where the meridian passing tl^ough 
Libra is cut by the eastern semicircle of the horizon ; 
bring this mark to the brass meridian f, and the d^ee 
above it is the sun's declination ; with which proceed as 
above. 

Or, by the analemma. 

Bring the middle of the analemma to the brass meri- 
dian, elevate the pole to the latitude of the place, and set 
the index of the hour-circle to twelve ; turn the globe 
eastward till the index has passed over as many hours as 
are equal to half the length of the day ; the two days, on 
the analemma, which are cut by the eastern semicircle of 
the horizon, will be the days required ; and, by bringing 
the analemma to the brass meridian, the sun's declination 
will stand exactly above these days. 

Examples. 1. Wliat two days in the year are each 
sixteen hours long at London, and what is the sun's 
declination ? 

Answer. The 24th of May and the 17th of July. The sun's de- 
clination is about 2\^ nortli. 

2. What two days of the year are each fourteen hours 
long at London ? 

S. On what two days of the year does the sun set at 
half past sev€n o'clock, at Edinburgh? 

4<. On what two days of the year does the sun rise at 
four o'clock at Petersburg? 



* Any meridian will answer the purpose, and the globe may be 
turned either eastward or westward ; but it is the most convenient to 
turn it eastward, because the brass meridian is graduated on the east 
side* 

f If Adams' globes be used, the meridian passing through Libra is 
graduated like the brass meridian, and the declination is found at 
once* 
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. What two nights of the year are each ten hours long 
' igen? 

day of the year at London ie sixteen hours and 



at Copcnhacct: 

. Wliatdft} 



a half long ? 

Problem XXX. 

To Jind the length of the longest day at any place in the 
north 'Jrigid xone. 
Rule. Bring the given place to the northern point of 
the horizon (by elevating or depressing the pole), and 
observe its distance from the north pole on the brass me- 
ridian ; count the same number of degrees on the brass 
meridian from the equator, towards the north pole, and 
mark the place where the reckoning ends ; turn the 
globe on its axis, and observe what two points of the 
ecliptic pass under the above mark j find those points of 
the ecliptic in the circle of signs on the horizon, and ex- 
actly against them, in the circle of monthS) you will find 
the days on which the longest day begins and ends. The 
day preceding the 21st of Juna is that on which the 
longest day begins at the given place, and the day fol 
lowing the 2l6t of June is that on which the longest dai 
ends : the space of time between these days is the li 
of the longest day. 



St dav 



Bring the given place to that part of the brass 
dian which is numbered from the north pole towards the 
equator, and observe its distance in degrees from the 
pole : count the same number of degrees on the brass 
meridian from the equator towards the north pole, and 
mark where the reckoning ends ; bring tlie analemma to 
the brass meridian, and the two days which stand under 
the above mark will point out the beginning and ' " 
the longest day. 







Irigiit lone tieing utiinhHbiled (at linsl 
I problem in not applied lo dial lone ; however, uie 
reuling Kouth for nonli, and 21 si of Dcceniber for (he 
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Examples. 1. What is the length of the longest day 
at the North Cape, in the island of Maggeroe, in latitude 
71^ 30'nortli? 

Answer. The place is 18^^ from the pole; the longest day begini 
on the 14th of May, and ends on the SOth of July ; tlie day is there- 
fore seventy-seven days long, that is, the sun does not set during 
seventy-seven revolutions of the earth on its axis. 

2. What is. the length of the longest day in the north 
of Spitzbergen, and on what days does it begin and end? 

S. What is the length of the longest day at the northern 
extremity of Nova Zembla ? 

4. What is the length of the longest day at the north 
pole, and on what days does it begin and end ? 

Problem XXXI. 

To find the length of the longest night at any place in the 

north * JHgid zone* 

Rule. Bring the given place to the northern point 
of the horizon (by elevating or depressing the pole), and 
observe its distance from the north pole on the brass me- 
ridian ; count the same number of degrees on the brass 
meridian from the equator towards the south pole, and 
mark the place where the reckoning ends ; turn the globe 
on its axis, and observe what two points of the ecliptic 
pass under the above mark ; find those pointfe of the eclip- 
tic in the circle of signs on the horizon, and exactly 
against them, in the circle of months, you will find the 
days on which the longest night begins and ends. The 
day preceding the 21st of December is that on which the 
longest night begins at the given place, and the day fol- 
lowing the 21st of December is that on which the longest 
night ends : the space of time between these days is the 
length of the longest night. 

Or, by the analemma. 
Bring the given place to that part of the brass nieri- 



• This problem is equally applicable to any place in the south frigid 
aone, and the rule will be general by reading soutli for north, and 
the contrary; likewise, inst^ of the 21st of December read the 21st 
of June, 
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dian which is nunibei-ed from the north pole towards liit 
equator, and observe its distance in degrees frDm the 
]to!e; count tlic eonie number of degrees on the brass 
meridian from the equator towards the south pole, and 
mark wliere the reckoning ends ; bring the itnalemuia to 
the brass meridian, and the two days which stand under 
llie above mark will point out the beginning and end of 
thti lutigeat night. 

ExAMPtsa. 1. ^Vhat is the lengtli of the longest night 
at tile North Cape, in the island of Maggcroe, in latitude 
71° SO' north:-' 

jtmuvT. The iilsce i> tS^' from tlie pole ; tlic Inngeat night begins 
nn tlie ISth of Kovembcr, and ends on Uic 27lh of January : ttie niglic 
H tlitrrfore seienty-three days long, lliat is, the sua does noi rise 
during si-venty -three revolutionB of the earth on its aiis. 

2. What is the length of the longest night at the north 
of Spitzb ergon ? 

3. The Dutch wintered in Nova Zembla, latitude 76 
degrees north, in the year 1596; on what day of the 
mouth did they lose sight of the sun ; on what day of 
the month did he appear again ; and how many days were 
they deprived of his appearance, setting aside the effect 
of refraction ? 

+. For how many days are the inhabitants of the north- 
ernmost extremity of Russia deprived of a sight of the 



Pboelkm XXX 11. 

To find the number of t/aus which the sun rises and sets at 
fitti/ place in the north * Jrigid zone. 

Rule. Bring the given place to the northern point 
of the hoTiKon, (by elevating or depressing the pole), and 
observe it« distance from tlie north pole on the brass me- 
ridian : count the same number of degrees on the brass 
meridian from the equator towards the poles northward 
and southward, and make marks where ihe reckoning 



L * 
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ends; ob^^erve wiiat two poiata of the eliptic, nearest t« 
Aries, pas« under the above mark« ; theBC points will 
ghew (upon tlie horizon) the end of the longest night and 
the beginning of tlie longest day ; during the time be- 
tween tliese days the «un will rise and set every twenty- 
four hours ; next observe what two points of the ecliptic, 
nearer to Libra, pass under the marks on the brass me- 
ridian; find these paints, a^ before, in tl)e circle of signs, 
and against them you will tind the day on which the 
longest day ends at the given place, and the day on which 
the longest night begins ; during the time between th^e 
days the sun will rise and set every twenty-four hours. 



Or, 



tind the length of the longest day at the given place 
i(by Prob. XXX.) and the length of the longest nighi 
(by Prob. XXXJ.), add these together, and subtract the 
sum from 365 days, the length of the year, the remainder 
mil shew the number of days which the sun rises and selE 
at that place. 

Or, BY THE AMALEMMA. 

Find how many degrees the given place is from ihe 
north pole, and mark those degrees upon the brass me- 
ridian on both sides of the equator ; observe what four 
days on the aualemma stand under the marks on the 
brass meridian ; the time between those two days on the 
left hand part of the analemma (reckoning towards the 
north pole) will be the number of days on which the 
sun rises and sets, between the end of the longest night 
and the beginning of the longest day ; and the time be- 
tween the two days on the riglit hand part of the analoD- 
raa (reckoning towards the south pole) will be the numbet 
of days on which the sun rises and sets, between the end 
of tlte longest day and the beginning of the longest nigbt. 

Examples. 1. How many days in the year does the 
sun rise and set at the North Cape, in the island of Mag- 
geroe, in latitude 71° 30' north? 

Anivxr, The place is ISl'^ from llie pole, the two piHnt* in At 
ecliptic, nearetl to Aria, 'wliidi ^asi unj«r ie^° on the brau meri- 
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ilian, ITS 6^ in w, uuwering to the STtli of Jantiary, sod S1° id q , 
•ntwering to the 14tii of Mnj. Hence Ibe uin risea and KU fia 107 
ils^s, vii. from the end of tho longest niglit, which happens an the 
STUi of Janusi7, to the beginning of the longest daj, wUch ttappens 
on (he ] 4th of May. Secoiullg, the two piunts in the eEliptic ruarat 
Ic Lara, which |iasH under 1 sj^ uii (lie bra)B meridian, ate S° in SI, 
answering to the 30th of July, and 2-t^ in tn, answering la the 15lh 
of November. Hence the sun rises and seta for lOS days vh. from 
the end of the longest da;, which happens on the 3<Xh of July, to the 
beginning of the longest night, which happens on the 15tb of Novam- 
heii ao that lliewboU time of tie sun's Hsng and setting is 315 days. 
Oa, thus: 
The length of the longest day, by Example 1st, Prob. XXX. is 7T 
days; the length of the longest night by Example 1st, Prob. XXXI. 
is 73 days; the sum of these is ISO, whidi deducted from 3S5, leaves 
■Ji5 days att above. 

2. How tii&ny days in the jear does the sun rise and 
set at the north of Spitzbersen? 

3> How many days does the sun rise and set at Green- 
land, in latitude 75' north ? 

i: How many days does the sun rise and set at the 
northern extremity of Russia In Asia? 



Problem XXXIII. 

ToSnd in what degree n/north latitude, on ant/ day belvxen 
the 2Ijt oj March and the 21rf of Jane, er in ixhat degree 
qf south latitude, on any day between the ^id of September 
and the 21rf of December, the sun begins to shine con- 
.ilantlu without lettins; and also in \uhat latitude in the 
i^ptmte hemisphere he begins to be totally absent. 

Sole. Find the sun's declination (by Problem XX.), 
and count the same number of degrees from the north 
pole towards the equator, if the declination be north, or 
from (he south pole, if it be south, and mark the point 
where ihe reckoning ends : turn the globe on its axis, 
and all places passing under this mark are those in which 
ihe sun begins to shine constantly without setting at that 
time J the same number of degrees from the contrary pole 
will point out all the places where twilight or total dark- 
ncM oegiiu. 

EXAMPLKS. 1. In what latitude north, and at what 
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places, does the sun begin to shine without setting durins 
several revolutions of die earth on its axis, on the 14th 
of May? 

Answer, The sun's declination is 18 J north, therefore all places in 
latitude 71^° north will be the places sought, viz. the North Cape in 
Lapland, the southern part of Nova Zembia, Icy Cape, &c 

2. In what latitude south does the sun begin to shine 
without setting on the 18th of October, and in what lati- 
tude north does he begin to be totally absent ? 

, Answer. The sun*8 declination is 10^ south, therefore he begins to 
shine constantly in latitude 80° south whei'e there are no inhabitants 
known, and to be totaUy absent in latitude 80° north, viz. at Spitz- 
bergen. ^ 

3. In what latitude does the sun begin to shine without 
setting on the 20th of April ? 

if. In what latitude north does the sun begin to shine 
without setting on the 1st of June, and in what degree of 
south latitude does he. begin to be totally absent? 



Problem XXXIV. 

Any number of days y noi exceeding 182, being given, to 
find the parallel of north latitude in 'which the sun does 
not setjbr that time. 

Rule. Count half the number of days from the 2l8t 
of June on the horizon, eastward or westward, and oppo- 
site to the last day you will find the sun's place in the 
circle of signs ; look for the sign and degree on the eclip- 
tic, which bring to the brass meridian, and observe the 
sun's declination ; reckon the same number of degrees 
from the north pole (on that part of the brass meridian 
which is numbered from the equator towards the poles) 
and you will have the latitude sought. 

Examples. 1. In what degree of north latitude, and 
at what places, does the sun continue above the horizon 
for seventy -seven days ? 

Answer. Half the number of 'days is 38 J, and, if reckoned back* 
ward, or towards the east, from the 21st of June, will answer to the 
14th of May ; and if counted forward, or towards tlie west, will answer 
to the 30th of July; on either of which days the sun's declination is 
18 J degrees north, consequently the places sought are 18§ degrees 
from the north pole, or in latitude 71^ degrees north; answerii^ to 

the 
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tlie Norili Cape in Ijplaiiil, tiie Suutli part oS Nova Zemblo, Icy 

2. Ill what degree of north latitude is the longest day 
134 days, or 3216 hours in length ? 

3. In wliat degretj of north latitude does the Eun con- 
tinue above the horizon for 2160 hours ? 

4. In what degree of north laLitode does the sun con- 
tinue above the horizon for 1152 hours? 

Problem XXXV. 

To find the beginning, end, and duration qftiiiilig/il at aiiy 
place an any given day. 

ItuLE. Find the sun's declination for the given day 
(by Problem XX.), and elevate the north or south pole, 
according as the declination is north or south, so many 
degrees above the horizon as are equal to Che sun's de- 
clination; screw the quadrant of altitude on the brass 
meridian, over the degree of the sun's declination ; bring 
the given place to the brass meridian, and set the index 
of the hour-circle to twelve ; turn the globe eastward till 
the given place comes to the horizon, and the hours passed 
over bv the index will shew the time of the sun's setting, 
or tlie oeginning of evening twilight : continue the motion 
of the globe eastward, till the given place coincides ivith 
18^ on the (|uadrant of altitude below * the horizon, and 

i hours passed over by the index, from 12, will shew 
I evening twilight ends. The time when evening 
V ends, subtracted from 12, will shew the beginning 
ming twilight. 

Or, thus: 

Elevate the north or south pole, according as the lati- 

I lu4^ oi the given place is north or south, so many degrees 

above the horizon as are equal to the latitude ; find the 

inis place in the ecliptic, bring it to the brass meridian, 

t the index of the hour-circle to twelve, and screw tlie 



irmodem globes is alm^ 
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quadrant of altitude upon the broH meridian over the 

given Istiluile ; turn the globe westward on its axis till 
the sun's place comes to the western edge of the horizon, 
and the hours passed over by the index will shew the 
time of the sun's setting, or the beginning of evenine 
twilight ; continue the motion of the globe westward tiH 
the sun's place coincides with 18° on the quadrant of al- 
titude below the horizon, the time passed over by the in- 
dex of the hour-circle, from the time of the sun's setting) 
will shew (he duration of evening twilight. 

Or, be the analemma. 

Elevate the pole to the latitude of the place, as abore, 
and screw the quadrant of altitude upon the brass meri- 
dian over the degree of latitude ; bring the middle of the 
analemma to the brass meridian, and set the index of the 
hour-circle to twelve; turn the globe westward till the 
given day of the month, on the analemma, comes to the 
western edge of the horizon, and the hours passed over 
by the index will shew the time of the sun's setting, or 
the beginning of evening twilight : continue the malign 
of tlie globe westward till the given day of the month 
coincides with 18° on the quadrant below the horizoni the 
time passed over by the index, from the time of the etui's 
setting, will shew the dmatiou of evening twilight. 

ExAMFLSs, 1. Bequired the beginning, end, nd 
duration of morning and evening twilight at London, on 
the igth of AprU? 

jininiKr. The tun selB at Iwo minutca past EEven, and owning 
twilight entls Bl nineteen mimiits past niiie; conseijuenily momitig 
t»ilightljesinsat(12h. — all. I9ro. = ) 2h. 41m, and ends at (lah, 
— Tb. 1? in. — ) '1 'i- 58in. ; theduralionoftivilightUSh. and ITndntilK 

2. What is the duration of twilight at London on the 
23d of September, what time does dark night begin, and 
at what time does day break in the morning? 

jframer. Tlis sun sets st sii o'clock, and the Juration of WUijIii 
ii (wo bourn ; Mnw^umily the ereniiig twilight enda ui eight o'cloit, 
and the momin); twilight begins at four. 

3. Required the beginning, end, and duration ot 
morning and evening twilight at London, on tlie 25di of 
August ? 

4. R^ 
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i. llequlred the beginning, end, and duration of morn- 
ing and evening twilight at Edinburgh, on the 20th of 
February ? 

5. Required the beginning, end, and duration of morn- 
ing and evening twilight at Cape Horn, on the 20th of 
February ? 

6. Required the beginning, end, and duration of morn- 
ing and evening twilight at Madrasj on the 15th of June? 

Problem XXXVI. 

To ^nd the beginning, end, and duration nf constant day 
or IviiUght at any place. 

Rule. Find the latitude of the given place, and add 
18' to that latitude ; count the number of degrees corres- 
pondent to the sum, on that part of the brass meridian 
which is numbered from the pole towards the equator, 
mark where the reckoning ends, and observe what two 
points of the ecliptic pass under the mark*; that point 
wherein the sun's declination is increasing will shew on 
the horizon the beginning of constant twilight ; and that 
jic)int wherein the sun's declination is decreasing, will 
shew the end of constant twilight. 

Examples. 1. Wlien do we begin to have constant 
d»y or twilight at London, and how long does it continue ? 

AnnreT' The latitude of Lonrton ja SIJ degrees norlh to whicli 
mW IB defren, Ok i<utn i) 6<»j, the two poinU of the i-etiptie which 
paiv UDdur 69} «rc iwa dignn in O, aiiKwering la A« 5^d of Tilay, 
tad '2a digreea in 9, Bniwering ID Ilii^ 31st of Julf; m that, fnaa the 
tad of Miiy to the Sin of July Ibe sun never desceBda 16 degrees 
ImIow tin horiionaf I^iidon, 

2. When do the inhabitants of the Shetland islands 
cease lo have constant day or twilight ? 

S. Can twilight ever continue from sun-set to sun-rise 
lit Madrid? 



■ ir, after 18 degrees be added to the luilude, the distance from 
til* pole will not r«K'h the ecliptic, llierc will be no constsnl twilight 
lit the given place, vIk. lu the giien latitude uld IR degrees, and nib- 
Iract the *uni ftom 90, if Ihe remainder exceed 33} degreen, there cau 
lie no vuntlint twi1i<iht at ttie given place. 
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4. When does constant day or twilight begin at Spitz- 
bergen ? 

5. What is the duration of constant day or twilight at 
the North Cape in Lapland, and on what day, after their 
long winter's night, do the sun's rays first enter the 
atmosphere ? 

Problem XXXVII. 
To Jind the duration of twilight at the north pole. 

Rule. Elevate the north pole so that the equator may 
coincide with the horizon ; observe what point of the 
ecliptic nearest to Libra passes under 18° below the 
horizon, reckoned on the brass meridian, and find the day 
of the month correspondent thereto; the time elapsed 
from the 23d of September to this time will be the dur- 
ation of evening twilight. Secondly, observe what pomt 
of the ecliptic, nearest to Aries, passes under 18° below 
the horizon, reckoned on the brass meridian, and find the 
day of the month correspondent thereto ; the time elapsed 
from that day to the 21st of March will be the duration 
of morning twilight. 

Example. What is the duration of twilight at the 
north pole, and what is the duration of dark night there ? 

Answer. The point of the ecliptic nearest to Libra which paHn 
under 18 degrees below the horizon, is 22 degrees in in, answering 
totlie ISth of November; hence the evening t^^-ilight continues from 
the 23d of September (the end of the longest day) to the I'Sth of 
November (the beginning of dark night) being 51 days. The point of 
the ecliptic nearest to Aries which passes under 1 8 degrees below the 
horiEon is 9 degrees in x», answering to the 29th of January; hence 
tlie morning twilight continues from the 29th of January te the 21st of 
Mardi (the beginning of the longest day) being 51 days. From the 
23d of September to the 2l8t of March are 179 days, from which de- 
duct 102 (»51 X 2), the remainder is 77 days, the duration of total 
darkness at the nordi pole ; but, even during this short period, die 
moon and the Aurora Borcalis shine with unconmion splendour. 
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Problem XXXVIII. 

To Jind in what climate any given iilace on the globe is 
situated' 

Role. 1. If the place be not in the frigid zone, find 
rtie length of the longest day at that place (by Problem 
XX.VIII.) and subtract twelve hours therefrom ; the num- 
ber of half hours in the remainder will shew the climate, 

2. If the place be in the frigid zone *, find the length 
of the longest day at that place (by Problem XXX.), 
and if tliat be less than thirty days, the place is in the 
twenty -fil\li climate, or the Jirst within the polar circle. 
If more than thirty and less than sixty, it ig in the twenty- 
sixth climate, or the second within the polar circle ; if 
more than sixty, and less than ninety, it is in the twenty- 
seventh climate, or the third within the polar circle, &c. 

Examples. I. In what climate is London, and what 
other remarkable places are situated in the same climate? 

AiuuKT. Tie lonKCBt day in London is 16j bours, if wc deduct IS 
Iherefrom, tlm reinaimler will be 4 J lioura, or nine half hours ; hence 
Loodon is in the 9lli cliiniite nortti of the egunlor; and ss all plates 
in or aCBt the same Isliludc are in Iht same climate, we sliall find 
Amsterdam, Dreader, Warsaw, IrLoutak, tlif southern part of the 
peniiuula of Kamtadiatlui, Nuotka Sound, the South of Hudson's Bay, 
the nortli of Newfoundland, &c. (u be the same rlimate as London. 
Ilie learner is rcqxiested to turn lo tbe note to Definidaa ggili, page 1 T. 

• The climates between the polar circle* and the poles were un. 
known to the ancient geograpbere ; tlie; reckoned only Kven climales 
tKirtb of the equator, flie middle of the Rrat nortbera climate they 
made to pass through Merve, a eity of Elbiopia, butlE by Cambyscs 
□n an island in tbe Nile, nesrly under the tropic of Cancer; the 
aeooiiil through Si/eitc, a city of Thebais in upper Egypt, near the 
cataract* of the Nile; the third iJirough jlleianitria ; the fourth 
through Shodei; tlie fifth through Rome or the Hetieiponti the siith 
llirough Che moutli of tbe liiirga)ieaii or Dnieper i and :he seventh 
Ibrough the Ri/Jiaran maunlaini, BuppcBed lo be situated near the source 
of lh« Tanaic or Dun riier. Tbe Mmthem parts of the earth being in 
a great measure unLnown, the climalm received tbetr names from tbe 
nortbem ones, and not from particular towns or places. Thus the 
climate, which was supposed lo be at the »me diWance from the equa- 
tor aoutbward >is Meroe was nortintatd, was called Antidiamerta, or 
the oppcaile climate to Meroe ; jiintiilias^met was the oppoaile climate 
ID Sycnsa, &c. 
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2. In what climate is the North Cape in the island of 
Maggeroe, latitude 71° 30' north ? 

jinswer. The length of the longest day is 77 days; these days di- 
vided by SO, give two months for the quotient, and a remainder of 17 
days ; hence the place is in the third climate within the polar drde, 
or the 27th climate reckoning from the equator. The southern part 
of Nova Zembla, the northern part of Siberia, James* Island, Baffin*! 
Bay, the northern part of Greenland, &c. are in the same climate. 

. 3. In what climate is Edinburgh, and what other places 
.are situate in the same climate ? 

4. In what climate is the north of Spitzbergen ? 

5. In what climate is Cape Horn? 

6. In what climate is Botany Bay, and what other places 
are situated in the same climate ? 



Problem XXXIX, 

To find the breadths of the several climates between the 

equator and the polar circles* 

Rule. For the northern climates. Elevate the north 
pole 23f ° above the northern point of the horizon ; bring 
the sign Cancer to the meridian, and set the index to 
twelve ; turn the globe eastward on its axis till the index 
has passed over a quarter of an hour ; observe that par- 
ticular point of the meridian passing through Libra, which 
is cut by the horizon, and at the point of intersection 
make a mark with a pencil ; continue the motion of the 
globe eastward till the index has passed over another 
quarter of an hour, and make a second mark: proceed 
thus till the meridian passing through Libra* will no 
longer cut the horizon ; the several marks brought to the 
brass meridian will point out the latitude where each 
climate ends, f 



♦ On Adams* and Cary's globes, the meridian passing through Libra 
is divided into degrees, in the same manner as the brass meridian is 
divided ; the horizon will, therefore, cut this meridian in the several 
degrees answering to the end of each climate, without the trouble of 
bringing it to the brass meridian, or marking the globe, 
f See a Table of the climates, with the method of constructing it, at 
pages 18 and 19. 

Exam- 
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Examples. 1. What is the breadth of the ninth north 
climate, and what places are situated within it ? 

Answer, ITie breadth of the 9th climate is 2° 57' ; it begins in lati- 
tude 49° ^ north, and ends in latitude 51° 59' nordi, and all places 
situated within this space are in the same climate. The places will 
be nearly the same as those enumerated in the first* example to the 
preceding problem. 

2. What is the breadth of the second climate^ and in 
what latitude does it begin and end ? 

3. Required the beginning, end, and breadth of the 
fifth climate ? 

4. What is the breadth of the seventh climate north of 
the equator, in what latitude does it begin and end, and 
what places are situated within it ? 

5. Wliat is the breadth of the climate in which Peterst 
burg is situated ? 

6. Wliat is the breadth of the climate in which Mount 
Heckla is situated ? 

Problem XL. 

Tojind that part of the equation of time mhich depends on 

the obliquity of the ecliptic. 

Rule. Find the sun's place in the ecliptic, and brings 
it to the brass meridian ; count the number of degrees 
firom Aries to the brass meridian, on the equator and on 
tlie ecliptic ; the difference, reckoning four minutes of 
time to a degree, is the equation of time. If the number 
of degrees on the ecliptic exceed those on the equator,^ 
the sun is faster than the clock ; but, if the number of 
degrees on the equator exceed those on the ecliptic, the 
«un is slower than the clock. 



]( 9 l^Q>u. 
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HbU- TbeequataouoftimiiOrdiffer. 
ence between the tinie ibewn by ■ well- 
reguUted clock, uid a true auiwdial, 
dqiend* upon two CMiset, vii. tbe ob- 
liquity of tiie ecliptic, and the unequal 
motion of the earth in its otbiL Tbe 
ftrmer of these causes may be explained 
hj tbe above problem. If two suns were 
to set off at the same time from the point 
Aries, and more over equal apacea in 
«qual time, tbe one on the ecliptic, tbe 
Other on the equator, it it eridnit they 
would never come to the meridian to- 
gether, except at tbe time of tbe equi- 
noies, and on the longest and abutest 
days. The annexed table sbewi how 
mud) tbe lun is faster or Blower than 
tbe clock ought to be, so far as tha t». 
liation dependi on the obliquity of the 
ecliptic only. Tbe signs of tbe first and 
durd quadrants of the ecliptic are at 
tbe top of d>e tablcv and tbe degreva in 
these aigni on tbe left hand ; in any of 
these aigns the sun is faster than tbe 
clock. The ugns of the second and 
third quadrants are at tbe bottom of tbe 
table, and the desrees in these signs at 
the right band ; in any of these ugni 
the sun is slower than die clock. 

Thus, when tbe sun is in 20 degrees 
of Q or m, it is 9 minutes 50 seconds 
faster than the clock, and, when the sun 
ia in 18 degrees of ffi or Vf. it "* 6 
Biinutes S seconds slower tiian the clock. 
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Examples. 1. What ii the equation of time on the 
17th of July? 

Aiuvier. The degrees on the equator exceed the degrees on the 
ecliptic bj" two: hence the sun is ciglil minutes slower than (he 
clotk.* 

2. On what four days of the year is the equation of 
time nothing? 

3. What is the equation of time dependant on the 
obliquity of the ecliptic on the 27th of October? 

i. When the sun is in 18° of Aries, what is the equa- 
tion of time? 

Pkoblem XLI. 

'Tofind the sun's -meridian altilade at aa^ time of the year 

at any gixtn place. 

Rule. Find the sun's declination, and elevate the pole 
to that declination ; bring the given place to the brass 
meridian, and count the number of degrees on the brass 
meridian (the nearest way) to the horizon ; these degreetj 
will shew the sun's meridian altitude, f 

NoTK. The mil! aUilvdc may bejiiuadaiant/jiarlieular hour, in the 
JMawi,^ man-u:r. 

find the sun's declinaCiOD, and elevute tbe pole to that declination ; 
bring ihe given place to Uie brass meridian and set tlie index to 1 2 i 
then, if the giren time be before noon, turn the globe westward as 
many hours at the time wonts of noon ; if the given tinie be paiit 
noon, lum the globe cBstnoril as many hours as the time ts paat noon. 
Keep the globe fixed in this position, and screw the quadrant of alii. 
tuilu on uie brau meridiah over ihe sun'* declination ; bring iJic 
cradualed edge of the qiisdrgint to cotnddc with the ^ven place, and 
&e number of degrees between Ihol place and the horiioo will ihew 
tbe nu>-> altitude, 

Ob, 

Elevate the pole so many degrees above the horizon as 
are equal to the latitude of the place; find the sun's 



• The Icuiier will observe, that the equation of lime here deler- 
mioed ii not the true equation, as noted on the Tth circle on the 
buriion of Bardin's globes; tlie equaliun of time there given cminot 
be detenninvd by Uh globe. See the Table at the end of Problem 
LXIV. 

t Sw Problem XXI. 



I am' 



Examples. 1, What is the sun's altitude at the 
North Cape in Lapland, when it is midnight at Alexan- 
dria in Egypt on the 21st of June ? 

Aravier. 5 depeea. 

% When it is midnight to the inhabitants of the island 
of Sicily on the 22d of May, what is the sun's altitade at 
the north of Spitzber^en, in latitude 80' north? 

S. What is the sun°s altitude at the north-east of Nova 
Zembla, when it is midnight at Tobolsk, on the ISth of 
July? 

4. What is the sun's altitude at the nortli of Baffin's 
Bay, when it is nii(biight at Buenos Ayres, on the 26th of 
May? 



Tojfnd the sun's amplitude at an^ place. 
Elevate the pole so many degrees above tlie horizon a» 
are equal to the latitude of the given place ; find the sun's 
place in the ecliptic, and bring it to the eastern semicircle 
of the horizon ; the number of degrees from the suu'i 
place to the east point of the horizon will be the rising 
amplitude ; bring the sun's place to the western Bemioircle 
of the horizon, and the number of degrees from the sun's 
place to the west point of tlie horizon will be tlie setting 
amplitude. 



Oh, by 1 



Slevate the pole so many degrees above the horixon 85 
are equal to the latitude of the place ; bring the day of 
the month on the analemma to the eastern semicircle of 
the horizon : the number of degrees from the day of the 
month to the east point of the horizon will be the rising 
amplitude : bring the day of the month to the western 
semicircle of the horizon, and the number of degrees from 
the day of the month to the west point of the horizon will 
be the getting amplitude. 

Examples. I. What is the sun's amplitude at Lon< 
don on the 21st of June? 
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jtnmitr. 39° 48' to the north of the east, and 39^ 48' to the north 
oTtfae west. 

2. On what point of the compass does the sun rise and 
set at London on tlie 17th of May? 

3. On what point of the compass does the sun rise anil 
set at the Cape of Good Hope on the Slat of December ? 

4. On what point of the compass does the sun rise and 
Bet on the 21st of March ? 

5. On what point of the compass does the sun riise and 
set at Washington od the 21st of October? 

' 6. On what point of the compass does the sun rise and 
set at Petersburg on the ISth of December. 

7. On December 22d, 1822, in latitude 31° 38' S. and 
longitude 83° W., if the sun set on the S.W. point of the 
compass, what is the variation? 

8. Oh the ISth of May 1822, if the sun rise E. by N. in 
latitude 33° 15' N. and longitude 18^ W., what is the van- 
III ion of the compass? 

Problem XLIV. 

'I'ojind tht sun's azimuth and his altitude at anif place, the 
dai/ and hour being given. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place, and 
screw the quadrant of altitude on the brass meridian, 
over that latitude; find the sun's place' in the ecliptic, 
bring it to the brass meridian, and set the index of the 
hour circle to twelve; then if the given time be before 
noon, turn tlie globe eastward * as many hours as it wants 
of hood; but, if the given time be past noon, turn the 
f^lobe westward us many hours as it is past noon ; bring 



■.'•HI aie of the brass mmdiiUi in the rooming, and on tlie nest sid<: 
III Ihe afternoon ; but when itie pole is elevated for (he sun':' declina- 
tion, (he muiion is from west to east, and Ifae place is on (he west 
•ido of th« tocridiui in the luoming, anU on the cmI ^de in <he 
afternoon. 

MS 
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the graduated edge of the quadrant of altitude to coin- 
cide witli the sun's place, then the number of degrees on 
the horizon, reckoned from the north or south point 
thereof to the graduated edge of the quadrant, will shew 
the azimuth ; and the number of degrees on the quadrant, 
counting from the horizon to the sun's place, wUl be the 
nan's altitude. 



Or, by t 

Elevate the pole eo many degrees above the horizon m 
are equal to the latitude of the place, and screw the qus- 
drant of altitude on the brass meridian, over that latitude; 
bring the middle of the analemma to the brass meridian, 
and Bet the index of the hour circle to twelve; then, if 
the given time be before noon, tuni the globe eastward 
on its axis as many hours as it wants of noon ; but, if the 
given time be past noon, turn the globe westward a^ 
many hours as it is past noon ; bring the graduated edge 
of the quadrant of altitude to coincide with the day of 
tlie month on the analemma, then the number of degree* 
on the horizon, reckoned from the north or south point 
thereof to the graduated edge of the quadrant, will shew 
the azimuth ; and the number of degrees on the quadrant. 
counting from the horizon to the day of the month, will 
be the suu'a altitude. 

Examples. 1. What is the sun's altitude, and fai» 
azimuth from the north, at London, on the first of JSaj, 
at ten o'clock in the morning P 

itimufr. The altitude is 47°, and the mimulh from llie noilli I3(f> 
or fhnn llio «outh 44°. 

S. What is the sun's altitude and azimuth at Peten- 
burg on the 13th of August, at half past five o'clock in 
the morning:? 

3. What IS the sun's azimuth and altitude at Antigua, 
on the 21st of June, at half past six in the morning, aad 
at half past tea?* 

4. At 
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♦. At Barbadoeson the21st of June, required tlie sun's 
azimuth and altitude at 8 minutes past 6. and at |- past 9 
in the morning ; also at ^ past 2, and at 52 minutes past 5 
in the afternoon. 

5. On the 13th of August at half past eight o'clock in 
the morning, at sea in latitude 57° N. the observed azi- 
muth of the aun was S. iO'' 14' E., what was the sun's 
altitude, his true azimuth, and the variation of the com- 
pasfi? 

6. On the Hth of January, in latitude 33° 52' S., at 
half past three o'clock in the afternoon, the sun's mag- 
netic azimuth was observed to be N. 63' 51' W, ; what 
was the true azimuth, the variation of the compass, and 
the sun's altitude ? 

Problem XLV. 

'fhclatiiude of the place, day of the month, and the sun s 
altitude being given, to Jind the suns azimuth and the 
hour of the day. * 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place, and 
Eicrew the quadrant of altitude on the brass merldiani 
over that latitude ; bring the sun's place in the ecliptic to 
the brass meridian, and set the index of the hour circle 
to twelve ; turn the globe on its axis till the sun's place 
in the ecliptic coinciaes with the given degree of altitude 



llie aun «i!l appetr twice in the forenoon and twice in Ibe aDernooD, 
on the nme pinnt of (he cnmposs, and will csuac (he shadoir of an 
aiimutb dial to go back several degrees. In this example, the tlun'* 
uimulh at the hours giireii above, will lie 69° from tile north towardi 
llic eaet ; and at half past eight o'clock, the suu will appear to liavu the 

* This problem is only a variation of the preceding; ibr, by the 
nature of vpherical trigonometry, onj three of tiie following quantities, 
via. dig laliluile of the place, (lie sun's declination, altitude, anmvth, or 
time yiAr day, baog given, (he rest may be round, admitting of several 
variatunu. A large collection of Astronomical problems msy be 
found in Keith's Trigonometrs, fourth edition, page 281, &c. TliMe 
— ■-' c uscfiil exerciBes on the globes. -— ^^ 



'25^ FHOBLEMB PERrORMSD SY Part LU. 



OS the quadrant ; the hours passed over by the index of 
the hour circle will shew the time from noon, and the 
azimuth will be found on the horizon, as in the preceding 

problem. 

Or, by the akalemma. 

Elevate the pole to the latitude of the place, and screw 
the quadrant of altitude over that latitude; bring tho 
middle of the analemma to the brass meridian, and set 
the index of tlie hour circle to twelve ; move the globe 
and the quadrant till the day of the month coincides with 
the given altitude, the hours pasaed over by the index will 
shew the time from noon, and the azimuth will be found 
in the horizon as before. 

Examples. 1. At what hour of the day on the 21sl 
of March is the sun's altitude 22i° at London, and what 
is his azimuth? The observation being made iu the after- 

Antwer. The time from noon will be faund to be 3 hours 30 mi. 
Dutes, and the azimuth 59" 1' IVom the south lowaids the west. Hid 
the obierTBlioni been made before noon, the time from noon would 
have been 3^ bouTs, ta. it would Imve been SO minutes post eight in 
the moroing, and. tfae admuth would have been 59° I' froin tbe lourll 
towaida the catt ■ 

2. At what hour on the 9th of Marcli is thesua'a alt^ 
tude 25° at London, and what is his azimuth ? The ob- 
servation being made in the forenoon. 

3. At what hour on the I8th of May is the sun's aJU'- 
tude 30' at Lisbon, and wJiat is the azimuth ? The obser- 
vation being made in the afternoon, 

4. Walking along the side of Queen-square in London, 
on the 5th of August in the forenoon, 1 observed the 
shadows of the iron-rails to be exactly the same length as 
the rails themselves ; pray what o'clock was it, and on 
what point of the compass did the shadows of the rdU 
fall? 



* The learner will ubwrve, that [he aun ha? the same sllitBde *l 
■qusl distance* from noon ; hence it is necessary lo say whether ihe 
'iG made before or after hoon, otherwise the problGm «1- 
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S. In latitude 13° 30' N., on the 21st of June, the sun 
had the same azimuth at two different times in the morn- 
ing ; and also in the afternoon, viz. when his altitude was 
7^ 17' and 56° 55' : required the azimuth and the hours of 
the day? It is likewise required to find the azimuth 
when it is the greatest, and the hour ; the altitude at that 
time being 35° 50*. 

Problem XLVI. 

Given the latUude oflhe place, and the day of the month, 
lojittd at what hour the sun w due east or west. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place, find the 
sun's place in the ecliptic, bring it to the brass oieridinn, 
and set the index of the hour circle to twelve ; screw the 
quadrant of altitude on the braes meridian, over the 
^'iven latitude, and move tlie lower end of it to the east 
point of the horizon ; hold the quadrant in this poiition, 
and move the globe on its axis till the sim's place comes 
to the graduated edge of the quadrant ; the hours passed 
over by the index from twelve will be the time from noon 
when the sun is due east •, and at the same time " 
noon he will be due west. 



Or, by the analbmma. 






This is exactly tUe same as above, only, instead of 
bringing the sun s place to the meridian, you bring the 
analemma there, and, instead of bringing the sun's place 
to the graduated edge of the quadrant, the day of the 
month on the analemma must be brought to it. 

• If the Utiliulu be north, and the aun's declination be south, he 
will be due rant and west wlicn he is below the horizon ; and tbe aome 
tiling will liapiien if the latitude bo south wlien the declination is iHirth. 
Eiunples eierdiing these cases are usefeKi ; however tliey are es^ly 
lolTed, if wc consider tliat, when tlie sun is due east below the horiion 
■t (oy time, the appoBile point of the ecliptic will be due west shove 
tlw hocuioti; therefore, instead of bringing tlie lower vdgu of tlie 
quadrant to the east of the horizon, bring it to the nest, and, initcad 
iif uung the sun's pbce, nuke use of a pwtt in the ecliptic diainelri- 

«tll]r «(ipodtb 

A ExA»> 
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Examples. 1. At what hour will the sun be due 
east at London on the 19th of May ; at what hour will 
he be due west ; and what will his altitude be at these 
times? \ 

Answer. The time from 12, when the son is due east, is 4 hours 

54 minutes; hence the sun is due east at six minutes past seven 

o'clock in the morning, and due west at 54 minutes past four in the 

' afternoon ; the sun's altitude may be found at the same time, as in 

Problem XLIV. In this example it is 25^ 26^. 

2. At what hours will the sun be due east and west at 
London on the 21st of June, and on the 21st of Decem- 
ber ; and what will be his altitude above the horizon on 
the 21st of June ? 

3. Find at what hours the sun will be due east and 
west, not only at London, but at every plabe on the sur- 
face of tlie globe, on the 21st of March and on the 23d of 
September ? 

4. At ^hat hours is the sun due east and west at 
Buenos Ayres on the 21st of December ? 

Problem XL VII. 

Given the surCs meridian altitude^ and the day of the months 
to find the latitude of the place. 

Rule. Find the sun's place in the ecliptic, and bring 
it to that part of the brass meridian which is numbered 
from the equator towards the poles ; then, if the sun 
was south* of the observer when the altitude was taken, 
count the number of degrees from the sun's place on the 
brass meridian towards the south point of the horizon, 
and mark where the reckoning ends ; bring this mark to 
coincide with the south point of the horizon, and the 
elevation of the north pole will shew the latitude. If 
the sun was north of the observer when the altitude 
was taken, the degrees must be counted in a similar 
manner, from the sun*s place towards the north point 



* It is necessary to state whether the sun be to the north or south of 
the observer at noon, otherwise the problem is unlimited* 

2 of 
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of the horizon, and the elevation of the soutli pole ^ 
Hhew the latitude. m 



Or, without a olobe.' ^^* 

Suhtract the sun's altitude from ninety degrees, tlie 
remainder is the zenith distance. If the sun be south 
when his altitude is taken, call the zenith distance north ; 
but, if north, call it south; find the sun's declination in 
an ephemeris* or a table of the sun's dechnation, and 
■nark whether it he north or south ; then, if the zenith 
distance and declination have the same name, their sum 
is the latitude, but, if they have contrary names, their 
difference is the latitude, and it is always of the same 
name with the greater of the two quantities. 

Examples. 1. On the 10th of May 1822, I observed 
the sun's meridian altitude to be 50^^, and it was south of 
me at that time ; required the latitude of the place ? 

jtnmer, 57° 33' north. 

Sy caltMlatian. 
90' of 
50 S., Eun's allitude M noon. 



!7 33 N; the aun'B dcclini 

57 33 N; iht- Ulitude sought. 
2. On the 10th of May 1822, the sun's meridian alti- 
tude was observed to be 50°, and it was north of the ob- 
server at that time ; required the latitude of the place ? 

Jniver. 22° 27' wuth. 

Jiy calctitalion. 




I lUdtude al 



S., thi! latitude tought. 



I 
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5. On the 5lh of August 1822, the sun's meridian alii- 
tude was observed to be 74° Silf north oi" the obseirei ; 
what was the latitude ? 

4. On the IQth of November 1822, the sun's meridian 
altitude was observed to be 40° south of tJie observer; 
what was the latitude ? 

5' At a certain place, where the clocks are two hours 
faster than at London, the sun's meridian altitude wai 
observed to be 30 degrees to the south of the observer 
on the 21st of March; required the place? 

6. At a place where the docks are five hours slower 
than at London, the sun's meridian altitude was observed 
to be 60° to the south of the observer on the 16lh of 
April 1822; required theplace? 



Problem XLVIII. 

The length of the longest day at any place, not xaitkin the 
polar circles, being given, to f,nd the latitude of thai 

RuLB. Bring the first point of Cancer or Capt'icomto 

the brass meridian (according as the place is on [he 
north or south side of the equator), and set the index of 
tJie hour circle to twelve ; turn the globe westward on iu 
" axis till the index of the hour circle has passed over si 
many hours as are equal to half the length of the day; 
elevate or depress the pole till the sun's place (viz. Can- 
ter or Capricorn) comes to the horizon; then rfie eleva- 
tion of the pole will shew the latitude. 

Note. TIus problem will answer Tor sny day in ihe year, u wcU 
us (he longest day, by bringing the sun's place to the brass meridiu 
and proceeding as above. 

Or, Bring the middle of the annlenunii to [lie brass inBridiaO, and 
letlhe index of Ihe hour cireln to 13; turn the g!obe westward 0« ib 
axis till Ihe indei Ims passed over xi many hours as aru equal lo lujlf 
the length of the day ; elevate or depress the pole till the day oTllM 
month cfnncides with tiie horizon, then tile ckvation of Ihe [lole mil 
shew the latitude. 

Examples. I. In what degree of north latitude, and 
at what places is the length of the longest day 16^ hours? 
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jituiBer, In lodtuda 32", and all places fclluatad on, or near tlial 
psivlUl of latitude, liave the same Icngtii of the day. 

2. In what degree of Boutli latitude, and at what places 
is the Idneest day 14 hourii ? 

3. In what degree of north latitude is the length of the 
longest day three times the length of the ehortest night ? 

4. There is a town in Nortvay where the longest day is 
five times the length of the shortest night ; pray what is 
the name of the town ? 

5. In wliat latitude north does the sun set at seven 
o'clock on the 5th of April ? 

(i> In what latitude south does the sun rise at live 
I o'clock on the 25th of November? 

' 7. In what latitude north ia the 20th of May 16 hours 

' long 7 

8. In what latitude north is the night of the 15th of 
August 10 hours long ? ^^^ 

Problem XL IX. ^^T 

I The latitude of a place and the dai/ of the month being given 

ito Jind hov] muck the sun's declinaiian must increase or 
decrease towards the elevated pole, to make the day an 
hoar longer or shorter than the given dai/. 

Rule. Find the sun's declination for the given day, 
and elevate the pole to that declination ; bring the given 
place to the brass meridian, and set the index of the hour 
circle to twelve : turn the globe eastward on its axis till 
the given place comes to the horizon, and observe the 
hours passed over by the index : then, if the days be in- 
creasing, continue the motion of the globe eastward till 
the index has passed over another half hour, and raise 
the pole till the place comes again into the horizon, the 
I elevation of the pole will shew the sun's declination when 
the day is an hour longer than the given day : but, if the 
days be decreasing, turn the globe westward till the in* 
dex has passed over half an hour, and depress the pole 
till the place conies a second time into the horizon, the 
last elevation of the pole will shew the sun's declination 
when the day is an hour shorter than the given day. 

Os, 
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Or, 

Elevate the pole to the latitude of the pla^e, find 
the sun's place in the ecliptic, bring it to the brass 
meridian, and set the index- of the hour circle to twelve; 
turn the globe westward on its axis till the sun's place 
comes to the horizon, and observe the hours passed 
ovef by the index ; then, if the days be increasing con- 
tinue the motion of the globe westward till the index 
has passed over another half hour, and observe what point 
of the ecliptic is cut by the horizon ; that point will shew 
the sun's place when the day is an hour longer than the 
given day, whence the decimation is readily found : but, 
if the days be decreasing, turn the globe eastward till 
the index has passed over half an hour, and observe what 
point of the' ecliptic is cut by the horizon ; that point 
will shew the sun s place when the day is an 'hour shorter 
than the given day. 

Or, by the analemma. 

Proceed exactly the same as above, only, instead of 
bringing the sun's place to the brass meridian, bring the 
analemma there, and instead of the sun's place, use the 
day of the month on the analemma. 

Examples. 1. How much must the sun's declination 
vary that the day at London may be increased one hour 
from the 24th of February ? 

Answer. On the 24th of February the sun's decimation is 9^ SSf 
south, and the sun sets at a quarter past five ; when the sun sets at 
three quarters past five, his declination will be found to be about 4^° 
south, answering to the tenth of March : hence the declination has 
decreased 5° 23', and the days have increased 1 hour in 14 days. 

2. How much must the sun's declination vary that the 
day at London may decrease one hour in length froni the 
26th of July. 

Answer. The sun's declination on the 26th of 5uly is 19° 38' north, 
and the sun sets at 49 min. past seven ; when the sun sets at 19 min. 
past seven, his declination will be found to be 14*^ 43' norths answer- 
ing to the 13th of August : hence the declination has decreased 5° SSt^ 
and the days have decreased one hour in 18 days. 

3. How much must the sun's declination vary from the 
5th of April, that the day at Petersburg may increase 
one hour ? 

4t, How 
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4. How much must the sun's (iedinatioii vary, from the 
ilh of October, that tlie day at Stockholm may decrease 
one hour. 



'Vojiiid the sun's right ascension, oblique ascension, obUque 
deiceiision, ascensional difference, and lime of rising and 
setting at any place. 

K[;lb. Find the bus's place in the ech'ptic, and bring 
it to that part of the bra^s meridian which is numbered 
from the equator towards the poles* ; the degree on the 
equator cut by the graduated edge of the brass meridian, 
reckoning from the Jioiut Aries eastward, will be the sun's 
right ascension. 

Elevate the pole so many degrees above the horizon 
OS are e<{via] to tne latitude of the place, bring tlio siin's 
place in the ecliptic to the eastern part of the horizon \, 
and the degree on the equator cut by the horizon, 
reckoning from the point Aries eastward, will be the 
sun's oblique ascension. Bring the sun'E place in the 
ecliptic to thewestem part of the horizon J, and the degree 
on the equator cut by thehorizon, reckoning from the point 
Aries eastward, will be the sun's oblique descension. 

Find the difference between the sun's right and obh'que 
ascension ; or, which is the same thing, the difference 
between the right ascension and oblique deacension, and 
turn this difference into time by multiplying by 4 ^ ; 
then, if the sun's declination and the latitude of the place 
be both of the same name, viz. both north or both south, 
the sun rises before six and sets after six, by a space of 
time equal to the ascensional difference; but if the sun's 



■ The degree on tlie meridirui sbore the sun's place a llie suo't de- 
cliution. See Proh. XX. 

f The rising amplicude may be seen at tlie ume time. See Fro- 
blMnXLIU. 

t The Wtting amplitude may here lie seen. Vide ftoU. XLIII- 

f Sec Problem XVIII. 

declination 
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declination and the latitude be of contrary names, viz. the 
one north and the other south, the sun rises afler six and 
sets before six. 

Examples. 1. Required the sun's right ascension, ob- 
lique ascension, oblique descension, ascensional difference, 
and time of rising and setting at London^ on the 15th of 
April? 

Answer* The right ascension is 23^ SO', the oblique asceraAm is 
9*45', the ascensional difference (23^ SO'- 9^ 45' = ) 13^45', or 
55 minutes of time ; consequently the sun rises 55 minutes before 6, 
or 5 min. past 5, and sets 55 min. past 6. The oblique descension is 
37^ 15* i consequently the descensional difference is (37^ 15'- 
23"^ 30' ») 13° 45', the same as the ascensional difference. 

2. What are the sun's right ascension, oblique ascen- 
sion, and oblique descension, on the 27th of October at 
.London ; what is the ascensional difference, and at what 
time does the sun rise and set ? 

3. What are the sun's right ascension, declination, 
oblique ascension, rising amplitude, oblique descension, 
and setting amplitude, at London, on the 1st of May; 
what is the ascensional difference, and at what time does 
the sun rise and set ? 

4. What are the sun's right ascension, declination, 
oblique ascension, rising amplitude, oblique descension, 
and setting amplitude, at Petersburg, on the 21st of June ; 
what is the ascensional difference, and what time does the 
sun rise and set ? 

5* What are the sun's right ascension, declination, 
oblique ascension, rising amplitude, oblique descension, 
and setting amplitude, at Alexandria, on the 21st of De- 
cember; what is the ascensional difference, and what 
time does the sun rise and set ? 



Problem LI. 

Given the day of the months and the sun's amplitude, tojind 
the latitude of the place of observation. 

Rule. Find the sun's place in the ecliptic, and bring 
it to the eastern or western part of the horizon (according 
as the eastern or western amplitude is given) ; elevate or 

depress 
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depress ihe pole till the aun'a place coincides with the 
given amplitude on the horizon, then tlic elevation of the 
pole will shew the latitude. 

Or thus: 

Elevate the north pole to the complement* of the am- 
plitude, and screw the quadrant of altitude upon the 
brass meridian over the same degree : bring the equinoctial 
point Aries to the brass meridian, and move the quadrant 
of altitude till the sun's declination for the given day 
(counted on the quadrant) coincides with the equator : 
the number of degrees between the point Aries and 
the graduated edge of the quadrant win be the latitude 
sought. 

Ltcamples. 1. The sun's amplitude was observed to 
be 39° 418' from the east towards the north, on the 21st 
of June; required the latitude of the place? 

Anmer. 51" 32' nortli. f 

2. The sun's amplitude was observed to be IS' 30' from 
the east towards the north, at the same time his declination 
was IB" 30'; required the latitude? 

3. On the 29th of May, when the sun's declination was 
21" SO' north, his rising amplitude was known to be 22° 
northward of the east; required the latitude? 

4. When the sun's declination was 2° north, his rising 
amplitude was +" norih of the east j required the latitude ? 

Problem LII. 
Given tvso observed altitudes of the sun, the time elapsed 

bettoeen them, and the sun's declination, to find the 

latitude. 

Rule. Find the sun's declination, either by the globe 
or an ephemeris ; take the number of degrees contained 



• The complemenL of the amplitude is found by subtractine Ihe 
wnplitude frum W°. 'niia rule u euctJy the uune as above : f^ it is 
forined from a right^ngled splierical Iriiogle, the base bdng the com- 
plemeu of the onipliludo, tlie perpendicular tile btituUe of the pUce, 
and the bypothenuse Ihu cmnpleinent of the aun's decliaation. 

+ See Xeitli's T/igjaonielry, fourth edition, page 2BS. 
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was an eclipse of the sun, w'here was it visible, supposing 
the moon's penumbral Khadow to extend northward 70 
degrees iroin the place where the sun was vertical!)' 
eclipsed ? 

jinrwer. London, &e. For more eianiples consult Ihe Table of 
Eclijiscs, ralloH'tng )ho next prubiem. 

Problem LIV. 

The day and hour being given vihen a lunar eclipte inlif 
happen, tojind where it will be visible, 

Rdle. Find the sun's declination for the given dijr, 
and note whether it be north or south ; if it be nottii, 
elevate the south pole so many degrees above the horizon 
08 are equal to the declination ; if it be south, elevate the 
north pole in a eimilar manner ; bring the place at which 
the hour is given to that part of the brass meridian which 
is numbered from the equator towards the poles, and Ml 
the index of the hour circle to twelve ; then, if the given 
time be before noon, turn the globe westward as many 
hours as it wants of noon ; if after noon, turn, the globe 
eastward as many. hours as it is past noon; the place 
exactly under the degree of the sun's declination will be 
the antipodes of the place where the moon is vertically 
eclipsed, set the index of the hour circle again to twelve, 
and turn the globe on its axis till the index has paued 
over twelve hours; then to all places above the horizon 
the eclipse will be visible; to those places along the 
western edge of the horizon, the moon will rise eclipsed; 
to those along the eastern edge she will set eclipsed ; and 
to that place immediately under the sun's declination the 
moon will be vertically eclipsed. 

Example. On the 26th of January ISO*, at 58 min. 
past seven in the afternoon at London, there waa bd 
eclipse of the moon ; where was it visible V 

jliitwer. It Wis visible lo the whole of Europe, Africa, ind Ibc 
continent o! Aua. For more examples see the following Table oT 
Eelipsci. 

NcFT». The substance of the following Table of Eclipse* ma a- 

Inctedfrom J>r. Hiitlen'i Inmsbitionof JMun(uria'sedition orOsa™«'s 

JfaMf/nalicat snd Phyrical BectvaHms, published by Mr. Kcnvliy a 

FleH- 
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Fleet-slrcet. These eclipses wero originally calculeltd b; M. Piu. 


gri, a member of Iho AcHdemy of Sciences, and published in L'Art 




Mr. Ferj^suu has been followed ; see page 2G1 of his Astronomy, 


when: a catalogue of the visible eclipses IB given from 1700 to IBOO, 


taken from L art ae veri&er le; nnfs. Il may be necessary to inform 
tlie learner, that ttie times of these ecbpses, a> cal'-ulated by M. 


Pingr.!, are not porfeetly accurate, and were only designed to shew 


nearly the time when an eclipse may be eipected to happen. The 


limits vbere these eclipses are visible arc generally from the tropic of 


Cancer in Africa, lo the northern extremity of Lapland, and &om 


the Sth degree of north latiluile in Asia, to the north polar circle; 


though some few of them are visible beyond the pole. In longitude, 




tb tJgl.Paris; bcnce it appears that they are calculated for the me- 


ridiui of Kerro; whiiA will make thor limits Inmi London to be 


ftom IS-- 46' west long, to 137= 14' east M. Pingre Mys, that an 


eclipse ofthe sun is visiblefrom 32^ to G4= north, and as far south of 


the place where it is ecatral. In the following table tlie moon is 


repnsented by Ji , the gun by ^, T stands for totHl, P for jwrtial. 






S" 




MontlB 




•< 




Months 






f 




and 


Time. 


i 




ami 


Time, 




? 




Days, 






Days. 






1822 


» F 


Feb. 6 


S4M 


1828 


O 


April H 


95 M 





» P 


Aug. 3 


04 M 





© 


Oct. 9 


O^M 




1823 


J T 


Ian. 26 


54 A 


1829 


B P 


March 20 


2 A 







O 


Feb. 11 


3 M 





» P 


Sept. J 3 


7 M 









Julys 


eiM 





G 


Sept. 28 


2iM 







Xl 


JuJ y 23 


3iM 


1830 


(B 


Feb. 23 


5 M 




182* 


J P 


Jan. 16 


9 M 





T> T 


March 9 


2 A 







© 


June 26 


UiA 





D T 


Sept. 2 


U A 







l P 


July 11 


iJM 


1831 


D P 


Feb. 26 


5 A 







a 


Dec. 20 


11 M 





B P 


Aug. 23 


lOiM 




1825 


» p 


Junel 


OiM 


1832 


© 


July 27 


2iA 






o 


Jun^ 16 


04 A 


1833 


6 P 


Jan. G 


8 M 







» p 


Nov. 25 


*iA 


1 


B P 


Jdv2 


1 M 




1826 


» T 


May 21 


34 A 


1 


O 


July 17 


7 M 







» T 


Nov. U 


♦4 A 


i 


D T 


Dec. 26 


10 A 







© 


Nov. 29 


njM 


'l85+ 


D T 


June 21 


8iM 




1827 


O 


Aoril 26 


34 M 


i 


D P 


Dec. 16 


SiM 







J P 


May 11 


84 M 


1835i0 


May 27 


UA 







» P 


Nor. 3 


a A 


\ 1) V\.\w»«^ \Q \\\ t 


^ 


■ 


■ 


■HBh^ J 


I 
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1835 
1836 



1837 



1838 



1889 



1840 



1841 



1842 



1843 



1844 



1845 



1846 



1847 



1848 




3) 

S 
D 



D 
3) 
D 
© 



PMay 



P 
T 

T 
P 



3) P 



P 
T 



D 



D 



3) 

]) 
3) 

© 

3) 
3) 

3) 
3) 



T 
P 

P 
P 



T 
T 

T 
P 



3) 

© 
3) 
3) 



T 
T 



Months 

and 
Days. 



Nov. 20 

1 
May 15 
Oct. 24 
April 20 
May 4 
Oct. 13 
April 10 
Oct. 3 
March 15 
Sept. 7 
Feb. 17 
March 4 
Aug. 13 
Feb. 6 
Feb. 21 
July 18 
Aug. 2 
Jan. 26 
July 8 
July 22 
June 12 

Dec. 7 
Dec. 21 
May 31 
Nov. 25 
May 6 
May 21 
Nov. 14 
April 25 
Oct. 20 
March 31 
Sept. 24 
Oct. 9 
March 19 
Sept. 13 



Time. 



11 


M 


8i 


M 


2i 


A 


If 


A 


9 


A 


7i 


A 


Hi 


A 


2* 


M 


3 


A 


2i 


A 


lOi 


A 


2 


A 


4 


M 


n 


M 


2i 


M 


11 


M 


2 


A 


10 


M 


6 


A 


7 


M 


11 


M 


8 


M 


oj 


M 


5i 


M 


11 


A 


OJ 


M 


lOi 


M 


4i 


A 


1 


M 


5i 


A 


8i 


M 


9i 


A 


3 


A 


9i 


M 


9i 


A 


6i 


M 



S^** 



1848 



1850 






18491© 
3) 
D 
© 
© 
3) 
3) 

© 
3) 
3) 



1851 



1852 



1853 
1854 



1855 



1856 



1857 
1858 



1859 



1860 



1861 



3) 
3) 
3) 
3) 
3) 

© 
3) 



P 
P 



PJan. 
PJuly 

July 
TJan. 
TJuly 

Dec. 
PDec. 



P 
P 



T 
P 

P 

P 

P 
T 

T 
P 

3) P 



3) 

© 

3) 

3) 

© 
3) 
3) 



© 
3) 



Months 

and 

Days. 



Sept 27 
Feb. 23 
March 9 
Sept. 2 
Feb. 12 
Aug. 7 

.17 

13 

July 28 

.7 
1 
Dec. II 
26 
PlJune 21 
May 12 
Nov. 4 
May 2 
May 16 
Oct. 25 
April 20 
Sept. 29 
Oct. 13 
Sept. 18 
Feb. 27 
March 15 
Aug. 24 
Feb. 17 
July 29 
Aug. 13 
Feb. 7 
July 18 

Aug. r, 

Jan. 11 
July 5 
Dec. 17 
Dec. SI 

I I I IL«I" " " 



Time. 



10 M 
liM 

1 M 
5iA 
6iM 

10 A 

5 A 
7iM 
2iA 
6iM 
3} A 
4 M 

1 A 

6 M 
4 A 
9i A 
4iM 
2iM 
8 M 
9iM 
4 jNI 

Hi A 
6 M 

lOJA 
OJA 
2i A' 

11 M 
9iA 
4iA 
24M 

2 A 
5i A 

v3iM 
2 M 
8iM 



■ 


Chap. I. THE TERRESTKJAI. GLOBE. 


267 




■£■ 




SIenth!> 




■< 




Monads 








i 




and 


Time. 


I 




and 


Time. 








D.ys. 






D^JB. 






1662 


BT 


June 12 


SiM 


1874 


G 


Oct. 10 


lUM 






B ■! 


Dec. 6 


8 M 





D P 


Oct. 25 


8 M 






_^ 


e 


Dec. 21 


5iM 


187s 


il- 


April 6 


7 M 






1863 


(^ 


May 17 


5 A 





O 


Sept. 29 


1 A 








11 T 


June 2 


M 


1876 


J) P 


March 10 


6 M 






1864 


B P 




Nov. 25 
May 6 


9 M 

0|M 


1877 


B P 


Sept. 3 


9 A 

7 A 




B T 


Feb. 27 




1865 


J p 


April ] 1 


5 M 








March 15 


3 M 








B P 


Oct. 4. 


U A 


— 


© 


Aug. 9 


5 M 









© 


Oct. 19 


5 A 





B T 


Aug. 23 


lUA 






1866 


© 


March 16 


10 A 


1878 


B P 


Feb. 17 


lUM 








1) T 


March 31 


5 M 




e* 


July 29 


9i A 









» T 


Sept. 24 


2i A 





B P 


Aug. 13 


04M 








e 


Oct. 8 


51, A 


1879 


© 


Jan. 22 


Merid 






1867 


G* 


March 6 


10 M 





t> 


Jdy 19 


9 M 








D P 


Marcli 20 


9 M 


1 


B P 


Dec. 28 


^A 









1) P 


Sept. 14 


1 M 


1880 





Jan.n 


n A 






1868 


e 


Feb. 23 


2^ A 





B T 


Juue 22 


2 A 








© 


Aug. 18 


Si M 





B T 


Dec. 16 


4 A 






1869 


ji p 


Jan. 28 


IJM 





S 


Dec. 31 


2 A 








B P 


July 23 


2 A 


1881 


S> 


May 28 


M 









G 


Aug. 7 


10 A 





B T 


June 12 


7iM 






1870 


U T 


Jan. 17 - 


3 A 





B P 


Dec. 5 


5\A 









D T 


July 12 


11 A 


1882 


s 


May 17 


8 M 









e; 


Dec. 22 


03 A 





o 


Nov. 1 1 


M 






1871 


B P 


Jan. 6 


9iA 
2|M 


1883 


B P 


AprU 22 


Merid. 









O 


June 18 





B P 


Oct. 16 


7iM 









B P 


July 2 


UA 








Oct. 31 


O^M 








«> 


Dec. 12 


4JM 

IIJA 


1884 


© 


March 27 


6 M 




! 


1872 


B P 


May 22 




BT 


April 10 


Merid. 








G 


June 6 


S^M 




B T 


Oct.* 


lOi A 









B P 


Nov. IS 


5^M 





© 


Oct. 19 


1 M 






187S 


» T 


May 12 


lliM 


1885 


BP 


March 30 


5 A 








C 


May 26 


9iM 





B P 


Sept. 24 


S^M 








B T 


Nov. 4 


4^ A 


1886 




Aug. 29 


liA 






1874 


B P 


Mayl 


H A 


1887 


B P 


Feb. 8 


104 M 




1 


S 2 


■ 


1 
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^ 



1887 



1888 



1889 



1890 



D P 





D 
D 
D 

D 



T 
T 



Months. 

and 

Days. 



1891 



1892 



1893 
1894 



D 



D 

D 

D 
1) 
D 

e 

D P 



P 

T 

T 
P 
T 






Aug. 3 
Aug. 19 
Jan. 28 
July 23 
P Jan. 17 
PJuly 12 
Dec. 22 
PJune 23 
June 17 
Nov. 26 
May 23 
June 6 
Nov. 16 
May 11 
Nov. 4? 
April 16 
March 21 
April 6 
Sept. 15 
Sept. 29 



Time. 



9 
6 



A 

M 



11^ A 
6 M 
5iM 
9 A 



1 

6 

10 

2 

7 



A 
M 
M 
A 
A 



HA 
0|M 

Hi A 

4J A 
3 A 
2iA 
4iM 

4.JM 
5iM 



ce 



1895 



1896 



D T 



D T 



Months 

and 

Days. 



1897 
1898 



1899 



1900 



March 11 4 M 
March 26 10 M 
Augw 20 (^ A 
Sept. 4 6 M 

D PiFeb. 28 8 A 
Aug. 9 4i M 

D PJAug. 23 7 M 
No visible Eclipse. 



Time. 



D T 




DT 



D PJan.8 
S Jan. 22 
D PJuly 3 
Dec. 27 
Jan. 11 
June 8 
June 23 
D PDec. 17 
g^ May 28 
D PJune 13 
Nov. 22 



OJM 

8 M 

9iA 

12 A 

11 A 

7 M 
2^ A 
liM 
3i A 
4 M 

8 M 



Problem LV. 

To find the time of the year tjohen the Sun or Moon xvill be 

liable to be eclipsed. 

Rule 1. Find the place of the moon's nodes, the time 
of neijo moon, and the sun*s longitude at that time, by an 
ephemeris * ; then if the sun be within 17 degrees of the 
moon's node, there will be an eclipse of the sun. 

2. Find the place of the moon's nodes, the time of full 
moon, and the sun's longitude at that time, by an eplie- 



• Wliite's Ephemeris, or the Nautical Almanac. 



mens ; 
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meris; then, if tiie sun's longitude be witliin 12 de- 
grees of the moons node, there will be an eelipse ol' the 



Or, without the 

The mean annual variation of the moon's nodes is 19^ 
19' 44" (page US) and the place of the Dode for the first 
of January 1822, being 27° 37' in ^ its place for any 
other time may therefore be found. 

The time of new moon may be found as directed at 2'"ge 
182, and the sun's longitude is the sun's place in the eclip- 
tic. * The rest may be found as above. 

Examples. 1. On the 6th of March 1822, there will 
be a full moon, at which time the place of the moon's 
node is ss 2.5^ 39', and the sun's longitude s^ 17° 9'; will 
an eclipse of the moon happen at that time? 

Arisvir. Here tlie sun's longiliide is wEthin IS degrees of the 
noon's node, therefore there will be a partial eclipse of the moon. — 
When the sun is in one of the moon'a nodes at the time o( full moon, 
the moon is in the other node, und iIid earth is directly between 

2. It appears from the table (page 181) that there will 
be a new moon on the 21st of February 1822, at which 
time the place of the moon's node will be s:: 25° 1 ', and 
the sun's foDgitudc K 2 21'; will there be an echpsc of the 
sun at that time? 

3. There will be a new moon on the I7th of August 
1822, at which time the place of the moon's node will be 
Jjr 1 5" Sff and the aun's longitude Q, 23° 57' ; will there be 
an eclipse of the eun at that time ? 

*. On die 2d uf August 1822, there will be a full 
moon, at which time tlie place of the moon's node will 
be ^ 16° 20', and the sun's longitude SI, 9" 33' ; will there 
be an eclipse of the moon at that time ? 



on'n longitude may l«j found thus; multiply 12° II' 6" 
'i age (irc jtagci HI and ISI), the product will give the 
C|;reea by which the moon's lon^tude exceeds that of (be 
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5. On the 4th of March 1821, there was a new moon, 
at which time the place of the moon's node was Jf 13"W 
and the sun's longitude H 13' 38' ; was there an eclipse 
of the sun at that time? 

6. On tile 27iii of August 1821, there was a new- 
moon, at which time the place of the moon's node W8I 
X *■' 25', and the sun's longitude iri; 3° ^S*; was ' 
eclipse of the sun at that time P 



|«^t 



To explain ihe phenomenon of the harvest moon. 



Definition 1, The harvest moon, in north latitude, 
is the full moon which happens at, or near, the time of tlie 
autumnal equinox ; for, to the inhabitants of north lati- 
tude, whenever the moon is in Pisces or Aries (and she 
is in these signs twelve times in a year), there is very littla 
diFerence between her times of rising for several oightM 
together, because her orbit is at these times nesriy pa- 
rallel to the horizon. This peculiar rising of the mooR 
passes unobserved at all other times of the year except 
in September and October; for there never can be a full 
moon except the sun be directly opposite to the moon; 
and as this particular rising of the moon can only happen 
when the moon is in K Pisces or f Aries, the sun must 
necessarily be either in tie Virgo or «^ Libra at that titne, 
and these signs answer to the months of September and 
October. 

Definition 2. The harvest moon, in south latitude, 
is the full moon which happens at, or near, the time of 
the vernal equinox ; for, to the inhabitants of south lati- 
tude, whenever the moon is in nj Virgo or ^^ Libra (and 
she is in these signs twelve times in a year), her orbit is 
nearly parallel to the horizon ; but when tlie full moon 
happens ill rm Virgo or rfi Libra, the sun must be either in 
W Pisces or ^i Aries. Hence it appears that the harvest 
moons are just as regular in south latitude as they are io 
north latitude, only they happen at contrary times of ibe 
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Rule fob performing the problem. — 1. For nortFt 
Ittlihtde. Elevate the north pole to the latitude of 
the place, put a patch or make a mark in the ecliptic on 
the point Aries, and upon every twelve * degrees preced- 
ing aod following that point, till there be ten or eleven 
marks; bring that mark which is the nearest to Pisces to 
the eastern edge of the horizon, and set the index to 12; 
turn the globe westward till the other marks sucpeesively 
come to the horizon, aod observe the hours passed over 
by the index ; the intervals of time between the marks 
coming to the horizon will shew the diurnal difference of 
time between tlie moon's rising. If these niarlu be 
brought to the western edge of the horizon in the same 
manner, you will see the diurnal diiference of time be- 
tween the moon's setting ; for, when there is the sBiallest 
difference between the times of the moon's rising \, there 
will be the greatest difference between the times of her 
Getting ; Olid, on the contrary, when there is the greatest 
diiference between the times of the moon's rising, there 
will be the least dift'erence between the times of her 
setting. 

NoTt As tlie moon'a nodts vaiy their position and form a com- 
pleti^ revolution in about nineteen years, there will bu a regular ]iE;rind 
of oil the vuieties wliicli can liuppen in the rising sud setting of the 
moon dtiring that time. The following tsbls (eilroLtud I'rum Fergu- 
■on's Anlronomy) shews in what yenrs the hnrvesl moona ars iJie 
least and most beneficial, nith txgi»d to the times of their riiuig, i!roQ[ 
IHlHto 1S60. The columns of years under tbe letter L are those in 
wliidi the harvest taoonti are least bcueOcial, hecuuhe they fall about 
the dcMrending node; and those under M are the most beneficial, \k~ 
cause tliey tall about the ascending ^ode. 



gain, I 
p. 80.) 

\ At London, when the moon rise* in the point Aries, the ecliptic 
M that point makes an angle of only \S dagiecB with (be lioriwn; 
but, wheti thosets in the point Aries, it makes an angle of GSdegreini 
and, *hen the moon rises in the point Ubra, the ecliptic, at that p<nnl, 
mokes an angle of 69 degrees with the horizon ; btit, when tba sets 
!■> the poiM Libra, it only makci an angle of 15 ieffira with the 
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L L L L 

1826 1831 1845 1849 

1827 1832 1846 1850 
1828. 1833 1847 1851 

1829 1834 1848 1852 

1830 1844 



M M M M 

1818 1825 184P 1855 

1819 1835 1841 1856 

1820 1836 1842 1857 

1821 1837 1843 1858 

1822 1838 1853 1359 

1823 1839 1854 1860 
1824 



2. For south latitude. Elevate the south pole to the 
latitude of the place, put a patch or make a mark on the 
ecliptic on the point Libra, and upon every twelve de- 
grees preceding and following that point, till there be ten 
or eleven marks ; bring that mark which is the nearest to 
Virgo, to the eastern edge of the horizon, and set the 
index to 12; turn the globe westward till the other marks 
successively come to the horizon, and observe the houra 
passed over by the index ; the intervals of time between 
the marks coming to the horizon, will be the diumai 
difference of time between the moon's risings &c. as in 
the foregoing part of the problem. * 



Problem LVII. 

The day and hour of an eclipse of any one of the satellites 
of Jupiter being given y to Jind upon the globe all those 
places 'where it toitl be visible. 

Rule. Find the sun*s declination for the given day, 
and elevate the pole to that declination ; bring the place 
at which the hour is given to the brass meridian, and set 
the index of the hour circle to 12; then, if the given time 
be before noon, turn the globe westward as many hours 
as it wants of noon ; if after noon, turn the globe east- 



* This solution is on a supposition that the moon keeps constantly 
in the ech'ptic, which is sufficiently accurate for illustrating the pro- 
blem. Otherwise the latitude and longitude of the moon, or her right 
ascension and declination, may be taken from the Ephemeris, at the 
time of full moon, and a few days preceding and following it ; her 
place will then be truly marked on the globe. 

ward 
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ward as many hours as it is past noon ; fix tlie globe ia 
this position : Then, 

1. Jf Jupiter rise after the sun *, that ia, if he be an 
evening star, draw a line along the eastern edge of the 
horizon with a black lead pencil, this line will pass over 
all places on the earth where the aun is setting at the 
given hour ; turn the globe westward on its axis till as 
many degrees of the equator have passed under the brass 
meridian as are equal to the difference between the sun's 
and Jupiter's right ascension ; keep the globe from re- 
volving on its axis, and elevate the pole as many degrees 
above the horizon as are equal to Jupiter's declination, 
then draw another line with a pencil along the eastern 
edge of the horizon : the eclipse will be visible to every 
place between these lines, viz. from the time of the sun s 
setting to the time of Jupiter's setting. 

2. Jf Japiler rise before the sun\, that is, if he be a 
morning star, draw a line along the western edge of the 
horizon with a black lead pencil, this line will pass over 
all places of the earth where the sun is rising at the given 
hour ; turn the globe eastward on its axis till as many 
degrees of the equator have passed under the brass 
meridian as are equal to the difference between the sun's 
and Jupiter's right ascension ; keep the globe from re- 
volving on its axis, and elevate ihe pole as many degrees 
above the horizon as are equal to Jupiter's declination, 
then draw another line with a pencil along the western 
edge of the horizon: the eclipse will be visible to every 
place between these lines, viz. from the time of Jupiter's 
rising to the time of the sun's rising. 

Examples. 1. On the 13th of January 1805, there 
was an immersion of the first satellite of Jupiter at 9 m. 
S sec. past five o'clock in the morning at Greenwich; 
where was it visible? 

AmoKT. In thi<i example tlie longitude of the sun eirevJa Ike 
longitude of Jupiter, therefore Jupiter wai a inuning star, liis de. 



* Jupiler rifjcs after the lun, wlien liis longitude is greater tlmn liie 
iuii'b longituile. 

f JuiHter riies Ihfore (lie sun wbcn lus longitude is less llian ttie 
iiin'i longiluile. 
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olination being 19° le* S. and his longitude 7 signs 29^ 4fi', by the 
Nautical Alm^Hc: \\m right ascension and tlie sun's right awandan 
Dwy be found b; the glube; for, if Juplur's longitude in the ecliptic 
t>c brought to the brnss meridian, his p1at» will stand under Ote de- 
gree of his dcchtiutioa * ; and his right ascensitm will be found OD 
the equator, reckoning from Aries. lliis eclipse was visible at 
Greenwich, the greater part of Europe, the west of Afiira, Cape Vefd 
]llanib,&i:. 

2. On the 5tJi of January 1S22, at 58 m. S3 sec. part 
nine o'clock m tlie afternoon at Greenwich, there mil 
be an entersion of the first satellite of Jupiter ; where 

, will the eclipse be visible? Jupiter's longitude at that 
time being sign 21'' -tO', and his declination 7" 19" 
north. 

3. On the 14th of June 1822, at 8 min. 'J, sec part 
three o'clock in the morning at Greenwich, there will be 
an immersion of the first satellite of Jupiter ; where will 
the eclipse be visible? Jupiter's longitude at that time 
being 1 sign 22° SO', and his declination 17° 3V north. 

4. On the 2d of December 1822, at 16 min. 5i5 see 
past nine o'clock in the evening, at Greenwich, there will 
be an emersion of the first satellite of Jupiter ; where will 
the eclipse be visible ^ Jupiter's longitude at that lipie 
being 2 signs 0° 28', and his declination 19° 18' north. 



Problem LVIII. 

To place tlie terrestrial globe in the SUN-SlllNE, so that it 
may represent the natural pokition of the earth. 

Rule. If you have a meridian line f drawn upon a 
horizontal plane, set the north and south points of the 



• This is on supposition (hat Jupiter movta in the ecliptic, and, 
as he deviates but little Lhcrcfron), tlie solution bj this method will be 
sufficiently accurate. To know if an eclipw of any one of the satel- 
lites of Jupiter will be visible at any place; we are directed by the 
Nautical Ahnanac to " find whether Jupiter be 8° above the horiran 
« of the place, and the suu as much below it." 

t As a meridian line is usefiil for tixing a horizontal dial, and Sai 
plaang a globe directly north and souUi, &c. the different methods of 
drawing a line of this kind will preccdi! the problems on dialling. 

wooden 
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wooden hoi'izoa of the globe directly over 
place the globe directly north and south by the n 
compass, taking care to allow lor the variation; bring the 
place in which you are situated to the brass meridian, 
and elevate the pole to its latitude ; then the globe will 
correspond in every respect with the situation ot the eartli 
itself. The poles, meridians, parallel circles, tropics, and 
all the circles on the globe, will correspond with the same 
imaginary circles in the heavens ; and each point, king- 
dom, and state, will be turned towards the real one, whtcli 
it represents. 

Wliile the sun sliincs on the globci one hemisphere will 
be enlightened, and the other will be in the shiide ; thus, 
St oae view, may be seen all places on the earth which 
have day, and those which have night. * 

If a needle be placed perpendicularly in the middle of 
the enlightened hemisphere, (which must of course be 
upon the parallel of the sun's declination for the given 
day,) it will cast no shadow, which shews that the sun is 
vertical at that point; and if a line be drawn through this 
point from pole to pole, it will be the meridian of the 
place where the sun is vertical, and every place upon this 
line will have noon at t]iat tijne; all places to the west of 
this line will have morning, and all places to the east of 
it afternoon. Those inhabitants who are situated on the 
circle which is the boundary between light and shade, to 
the westward of the meridian where the sun is vertical, 
will see the sun rising ; those in the same circle to the 
eastward of this meridian will see the sun setting. Those 
inhabitants towards the north of the circle which is the 
boundary between light and shade, will perceive the sun 
to the southward of thetn, in the horizon ; and those who 
are in the same circle towards the south, will see the sua 
in s similar manner to the north of them. 

If the sun shine beyond the north pole at the given 
time, his declination is as many degrees north as he shines 



■ For Uiia jiort of the proljlem it would be more convenient if iho 
olobe could be properly supported wiiliout the fmineDf it, became the 
iWow of its stand, sod thot of JIs horiion, will ilarkeu several porm 
of diGMirfacs of tltv globe, whkb woidd otberwisu lie enlighleneij. 
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over the pole ; and all places at that distance from the 
pole will have constant day, till the sun's declination de- 
creases, and those at the same distance from the south 
pole will have constant night. 

If the sun do not shine so far as the north pole at the 
given time, his declination is as many degrees south as 
the enlightened part is distant from the pole; and all 
places within the shade, near the pole, will have constant 
night, till the sun's declination increases northward. 
While the globe remains steady in the position it was first 
placed when the sun is westward of the meridian, you 
may perceive on the east side of it, in what manner the 
sun gradually departs from place to place as the night 
approaches ; and, when the sun is eastward of the meri- 
dian, you may perceive on the western side of it, in what 
manner the sun advances from place to place as the day 
approaches. 



Problem LIX. 

The latitude of a place being giveriy to find the hour of the 
day at any time ivhen the sun shines. 

Rule 1. Place the north and south points of the 
horizon of the globe directly north and south upon a 
horizontal plane, by a meridian line, or by a mariner's 
compass, allowing for the variation, and elevate the pole 
to the latitude of the place ; then, if the place be in north 
latitude, and the sun's declination be north, the sun will 
shine over the north pole ; and if a long pin be fixed per- 
pendicularly in the direction of the axis of the earth, and 
in the centre of the hour circle, its shadow will fall upon 
the hour of the day, the figure XII. of the hour circle 
being first set to the brass meridian. If the place be in 
north latitude, and the sun's declination be above ten 
degrees south, the sun will not shine upon the hour circle 
at the north pole. 

Rule. 2. Place the globe due north and south upon a 
horizontal plane, as before, and elevate the pole to the 

latitude 
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latitude of the place ; find the sun's place In the ecHptic, 
bring it to the brass meridian, and set the index oE the 
hour circle to XII ; stick a needle perpendicularly in the 
eun's place In the ecliptic, and turn the globe an its axis 
till the needle casts no shadotv; fix the globe in this 
position, and the index will shew the hour before 12 in 
the morning, or nfier 12 in the afternoon. 

Rule 3. Divide the equator into 24 equal parts from 
tlie point Aries, on which place the number VI ; and 
proceed westward VII, VIII, IX, X, XI, XII, I, II, HI, 
IV, V, VI, which will fall upon the point Libra, VXI, 
VIXI, IX, X, XI, XII, I, II, III, IV, V*; elevate the 
pole to the latitude, place the globe due north and south, 
upon a horizontal plane, by a meridian line, or a good 
marinor'a compass, allowing for the variation, and bring 
the point Aries to the brass meridian ; then observe the 
circle which is the boundary between light and darkness 
westward of the brass meridian ; and it will intersect the 
equator in the given hour in the morning; but, if the 
same circle be eastward of the brass meridian, it will in- 
tersect the equator in the given hour in the afternoon. 

On, Having placed the globe upon a true horizontal 
plane, set it due north and south by a meridian line; 
elevate the pole to the latitude, and bring the point Aries 
to the brass meridian, as before ; then tie a small stringT 
with a noose, tound the elevated pole, stretch its other 
end beyond the globe, and move it so that the shadow of 
the stnng may fall upon the depressed axis; at that in- 
stant its shadow upon the etjuator will give the hour, f 



■ On jiilami' nXdxn the onlin'tic circle is tlius (liiidcd, by whicti 
thtr problem mny be wlveiL 

t llie learner mini rsmemlwr Ihat the time shewn in this problem 
ia suUr dme, ai thvnn by ■ sun-Jiui ; mid, thereruri-, to agree with a 
good clock or watcb, it must be cunected by a table of equation of 
lime. Sec B table of (his kind ODiong the succeeding prublcma. 
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Problem LX. 
To find the sim's alHttuie^ by placing the globe in ike umsf* 

SHINE. 

Rule. Place the globe upon a truly horizontal pkae^ 
stick a needle perpendicularly over the north pole *, in 
the direction of the axis of the globe, and turn the pole 
towards the sun, so that the shadow of the needle may 
fiidl upon the middle of the brass meridian ; then elevate 
or depress the pole till the needle casts no shadow ; for 
then it will point directly to the sun ; the elevation of the 
pole above the horizon will be the sun's altitude. 



Problem LXI. 

To find the suns declination, his place in the ecliptiCf and 
his azimuth^ by placing the globe in the sun-shike. 

Rule. Hace the globe upon a truly horizontal plane, 
in a north and south direction v by a meridian line, and 
elevate the pole to the latitude of the place ; then, if the 
sun shine beyond the north pole, his declination is as 
many degrees north as he shines over the pole ; if the sun 
do not shine so far as the north pole, his declination is as 
many degrees south as the enlightened part is distant 
from the pole. The sun's declination being found, his 
place may be determined by Prob. XX. 

Stick a needle in the parallel of the sun's declination 
for the given day f , and turn the globe on its axis till the 
needle casts no shadow: fix the globe in this position, 



* It would be an improvement on the globes were our instrument- 
makers to drill a v^ry smaB h6i% in the brass meridian orer the n<Nrth 
pole. 

f On Adams* globes the torrid zone is divided into degrees by 

dotted lines, so that the parallel of the sun's declination is instantly 

found: in using other globes, observe the declination on the brass 

meridian, and stick a needle perpendicularly in the globe under that 

d^ee, 

and 
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and screw the quadrant of altitude over the latitude ; 
bring the graduated edge of the tguadrant to coincide 
with the sun's place, or the point where the needle ia 
fixed, and the degree on the horizon will shew <Ak» 

a;i^jniutl). -^^m 



Problem LXIL ^^ 

To dravi a meridian line upon a horizontal plane, and to 
determine the Jour cardinal poinU of the horizon. 

RtJLE I. Describe several circles from the centre of 
the horizontal plane, in which centre fix a straight wire 
perpendicular to the plane ; mark in the morning where 
the end of the shadow touches one of the circles; in the 
afternoon mark where the end of the shadow touches the 
same circle ; divide tlie arc of the circle contained be- 
tweeo these two points into two equal parts ; a line drawn 
from the point of division to the centre of the piano will 
be a true meridian, of north and south line; and if this 
line be bisected by a perpendicular, that jwrpendicular 
will be an east and west line : thus you will have the four 
cardinal points : but, to be very exact, the plane must be 
truly horiKontal, the wire must be exactly perpendicular 
to the plane, and the extremity of its shadow must be 
compared, not only upon one of the circles, as above de- 
scribed, but npon several of them. 

Rule 2. Fix a strong straight wire sharp pointed at 
Ae top in the centre of your plane, nearly perpendicular; 
place one end of a wooden ruler on the top of the wire, 
and with a sharp pointed iron pin, or wire, in the other 
end of the ruler, describe an arc of a circle; take off the 
ruler from the top of the wire, and observe at two dif- 
ferent times of the day, when the shadow of the top of 
the wire falls upon the arc of the circle described by the 
mter ; mark the two points, and divide the arc between 
them into two equal parts, and draw a line from the point 
of bisection to the centre of your plane : this will be a 
lueridian line. 

HULG 



280 PROBLEMS PERFORMED BY ParlUJ. 

Rule 3, Hang up a plumb-line m the sun-sliine, so 
that it may cast a ahailow of a coneiderable length, upon 
the horizontal plane, on which you intend to draw your 
i^eridiau line ; draw a line along this shadow upon the 
plane, while at the same time a person takes the altitude 
of the snn correctly witli a ijundrant, or some other ia- 
Btnunent answering the same purpose; then, by knowing 
the latitude of the place, the day of the month, and of 
couTBe the sun's declination, together with his altitude; 
find the azimuth, from the north, by spherical trigono- 
metry, and subtract it from 180'' ; make an angle, at any 
point of the line which was drawn, upon your plane, equal 
to the number of degrees in the remainder, and that will 
point out the true meridian. See Keith's Trigonoraelry, 
Jburik edition, page 315. 



^ 



Problem LXIII. 
jTu make a horizontal dialjbr any latitude. 



Definitions and Observations.^ — Dialling, or the 
art of constructing dials, is founded entirely on as- 
tronomy ; and, as the art of measuring time is of the 
freatest importance, so the art of dialling was formerly 
eld in the highest esteem, and the study of it was culti- 
vated hy all persons who had any pretensions to science. 
Since the invention of clocks and watches, dialling has 
not been so much attended to, though it will never be 
entirely neglected ; for, as clocks and watches are liable 
to stop and go wrong, that unerring instrument, a true 
Gun-dial, is used to correct and to regulate them. 

Suppose the globe of the earth to be transparent (as 
represented by Fig. 4. in Plate II.) with the hour circles, 
or meridians, &c. drawn upon it, and that it revolves 
round a real axis ns, which is opaque and casts a shadow ; 
it is evident that, whenever the edge of the plane of any 
hour circle or meridian points exactly to- the sun, the 
fihadbir of the axis will fall upon the opposite hour circle 
or meridian. Now, if we imagine any opaque plane to 
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pass through the centre of this transparent globe, the 
shadow of half the axis he will always fall upon one side 
or other of this intersecting plane. 

Let ABcb represent the plane of the horizon of London, 
BN the elevation of the pole or latitude of the place ; so 
long as the sun is above the horizon, the shadow of the 
upper half ne of the axis will fall somewhere upon the 
upper side of the plane abcb. When the edge of the 
plane of any hour circle, as f, g, h, i, k, l, m, o, points 
directly to the sun, the shadow of the axis, which axis id 
coincident with this plane, marks the respective hour line 
upon the plane of the horizon abcd ; the hour line upon 
the horizontal plane is) therefore, a line drawn from the 
centre of it, to that point where this plane intersects the 
meridian opposite to that on which the sun shines. Thus, 
when the sun is upon f, the meridian of London, the 
shadow of HB the axis will fall upon e, xii. By the 
same method, the rest of the hour lines are found, by- 
drawing, for every hour a line from the centre of the 
horizontal plane to that meridian, which is diametric ally 
opposite to the meridian pointing exactly to the sun. If, 
when the hour circles are thus found, all the lines be 
taken away except the semi-axis ne, what remains will 
be a horizontal dial for the given place. From what 
has been premised, the following observations naturally 

1. Tlie gnomon of every sun-dial must always be 
parallel to the axis of the earth, and must point directly 
to the two poles of the world. 

2. As the whole earth is but a point when compared 
with the heavens, therefore, if a small sphere of glass be 
placed on any part of the earth's surface, so that its axii 
be parallel to the axis of tlie earth, and the sphere have 
sucn lines upon it, and such a plane witliin it as above 
described ; it will shew the hour of the day as truly as if 
it were placed at the centre of the earth, and the body of 
the earth were as transparent as gloss. 

3. In every horizontal dial the angle which the style, 
or gnomon, makes with the horizontal plane, must always 
be equal to the latitude of the place for which the dial is 
made. 



m 
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the pole so maoy degrees above the horizon as are equal 
to the latitude of the place; bring the point Aries to tlie 
brass meridian ; then, as globes in general * have meri- 
dians dratvn through every 15 degrees of longitude, east- 
ward and westward from the point Aries, observe where 
these tneridiang intersect the horizon, and note the aum- 
ber of degrees between each of them ; tlie arcs between 
the respective hours will be equal to these degrees. The 
dial must be numbered XII at the brass meridian, thence 
31, X, iX, VIII, VU, VI, V, IV, &c. towards the west, 
for morning hours ; and I, II, lU, IV, V, VI, VU, VUI, 
&c. for evening hours. No more hour lines need be 
drawn than what wiU answer to the sun's continuance 
above the horizon on the longest day at the given place. 
The style or gnomon of the dial must be fixed in the 
centre of the dial-plate, aud make an angle therewith 
equal to tlie latitude of the place. The face of the dial 
may be of any shape, as round, eJipticaJ, square, ob- 
long, &c. &c, 

Example. To make a horizontal dial for the latitude 
of London. 

Hanng iilevatoi] tbc pole 5!| deg. above (he horiion, and brought 
die point Aries to llie brass aieridian, you will Knd tbe meridians on 
the eastern part of the tiorizoD, reckoning irom 19, to be ll^JO', 
24° 20', 38- y, 53°3S', TI^C, anilao", forthchoure I, II, III, IV. 

V, and VI ; or, if you count from the east towards the sontl^ 
they will be 0°, 18° 54', 36^ a'S', 51° 57', 65^40', and 78° lO*, fte 
the hours VI, V, IV, III, II, I, reckoning from VI o'clock back- 
ward to XII. There is no occasion to give the distances farthei than 

VI, because the distances from XII to VI id the forenoon are exact); 
the lame as from XII lo VI in the aftemMin; and hour line* con- 
tinued tlirougli the centre of the dial are the hours ou the oppoule 



■ On Cory's large globes, the meridians are ilrawn through erery 
ien degrees, an pltemtion which answers no useful purpose wbatevo', 
and ia in ninny cases very inconvenient. To salve this problem, bj 
these globes, meridian* mult be drawn through every fiflem dagiBBi 
trilh a pencil. 
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Hours. 


Hour 

Angles. 


Hour 


Hours. 
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ADgl«U 
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0° tf 


tf> (T 


3* 


48° 45* 


41° 45* 


1^ 


3 45 
7 30 


2 56 
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52 30 


45 34 
49 30 
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B 51 


IV 




53 35 






11 50 




63 45 


57 47 




18 45 


14 S2 


'4 




69 6 


!} 


S2 30 


17 57 


71 15 


66 33 


96 15 


31 6 


V 


75 


71 6 
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24 20 




78 45 
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33 45 


27 36 


51 


SB 30 


80 25 


"^ 




31 


86 15 


85 13 




41 15 


34 28 




90 






45 


SS 3 









raa^^ 



Tlie cslcuUtioii of the hour arcs by Ephcrical ttlgoaometij is 
treincly easy; far wtiile the globe remains in l\ie position ab 
desCTibed, jt will bo seen that a right angled apherical trianglt 
formed, the perpendicular of which is the latitude. Its base the liMU 
an, and its vertical angle the hour angle. Hence, 

Radius, iriacof 90° 

Is to sine of the latitude ; 

As tangent of the hour angle. 

Is to the tangent of the hour arc on the hori 
It may be observed liere, that if a horiiontnl dial, which shewi' 
hour by the lop of the perpendicular gnomon, be made for a place 
the torrid lone, whenever the sun's declination eiceeda the latitude at, 
the pUce, the shadow of tlic gnomon will go back twice b the day, 
once in the forenoon and once in the afternoon ; and the greater the 
diffbrence lietwcen the latitude ond the sun's declination is, the fur- 
ther the shadow will gu back. In the 38th diapter of Isaiah, Hem- 
IdaA i< promiied that his life shall be prolonged 15 years, and as a 
9gn of tills, he is also promised that (be shadow of the sun-ilial of 
Mat shall go back tun degrees. Tliis was truly, as it was then coH' 
Mdered, a mirack ,- for, » Jerusalem, the place where the dial of Ahax 
was erected, was out of (he torrid lonc, the shadow could not possibly 
go back Ihini any natural csnse. 



PnoBLEM LXIV. 

To make a vertical dialjacing the south, in north latitude, 

Defihitionh asd Observations. — Tlie horizontal 

dial, lu described iu the preceding problem, was supposed 
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to be placed upon a pedestal, and as the sun always 
shines upon such a dial when he is above the horizon, 
provided no objects intervene, it is the most complele of 
all kinds of dials. The next in utility is the vertical 
dial facing the south in noi-th latitudes ; that \s, a dial 
standing against the wall of a building which exactly feces 
the south. 

Supposing the globe to be transparent, as in the fore- 
going problem (see Figure S. Plate 11.), with the hour 
circles or meridians f, c, ti, I, K, h, m, o, &c. drawn 
upon it ; ADCB an opaijue vertical plane perpendicular 
to the horizon, and passing through the centre of the 
globe. Wliile the globe revolves round its axis ss, it is 
evident that, if the semi-axis ss be opaque and cast a 
shadow, tills shadow will always fall upon the plane abc, 
and mark out the hours as in the preceding problem. 
By comparing Pig, 5. with Fig. +. in Plate 11,, it will 
appear that the plane surface of every dial whatever, is 
parallel to the horizon of some place or other upon the 
eartb, and that the elevation of the style or gnomon 
above the dial's surface, when it faces the south, ia 
always equal to the latitude of the place whose horizon is 
parallel to that surface. Thus it appears that sp, which 
IS the co-latitude of London, is the latitude of the place 
whose horizon is represented by the plane adcb ; for, let 
the south pole of the globe be elevated 38^ degrees 
above the southern point of the horizon, and the point 
Aries be brought to the brass meridian; then, if the 
globe be placed upon a table, so as to rest on tlie south 
point of the wooden horizon, it will have exactly the ap- 
pearance of Fig. 5. PlatelL; the wooden horizon will 
represent the opaque plane adcc, the south point will be 
at B, and the north point at o under London, the east 
point at c, and the west point at a. Hence wc have the 
followmg 

Rdle for performing the problem. — If the 
place he in north latitude, elevate the south pole to the 
complement of that latitude; bring the point Aries to 
the brass meridian ; then, supposing meridians to be 
drawn through every 1.5" of longitude, eastward and 
westward from the point Aries (as is generally the case) ; 
•ihserve 
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observe wnere these meridians intersect the horizon, and 
note the number of degrees between each of them ; the 
arcs between the respective hours wil\ be equal to these 
degrees. The dial must be numbered XII at the brags 
meridian, thence XI, X, IX, VIII, VII, VI, towards the 
west, for morning hours; and I, II, III, IV, V, VI, to- 
wards the east, for evening hours. As the sun cannot 
shine longer upon such a dial as this than from. VI in 
the morning to VI in the evening, the hour lines need not 
be extended any farther. 

Ekamflc. To make a vertical dial for the latitude of 
London, 

Slevule the eouth pole 38J dt^grees above llie borixoD, and bring 
the point Aries lo tho brass meridian ; theo the meridians will inter- 
sect the horicpn, reciconing from the south towards tha east, iii the 
following degrees 1 f -m', 19^45', 31" 54', 47° 9', GS" 42*, and 90=, 
for the houre I, II, HI, IV, V, VI : or. if vou count from the cast 
towards the south, they will he O", 33° IB', 42^ 51', 5B 6', 70'' 1.7', 
80" SB', for tho hour* VI, V, IV, III, II, I. lUe dislancEs from 
XII to VI in th^ forenoon are cxBi;tly the same as the distances from 
XII to VI in Hie aflernoon. 

The fullowing tuble contains not only the hour arcs, but the balres 
and quarters from XII to VI ; it is calculated exactly in the same 
manner as the table in the preceding problem, using tlie complement 
of the iatilude instead of the latitude. 
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TV (tudenl will recoliecl thai the time shewn by a sun-dial is not 
the elacl lime of the day, as shewn by a watch or clock fsce DeBni- 
ion» 55, 55, and r.7, page 13.) .\ good clock measure! nma equal);. 
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but B nui-dul (tluni^ used fbr legalaiiag olodu >Bd vatcbei) n«- 
ameg time uaet^ually. He followiog uUe iriU ibew to die netntt 
nuQiite hon much a clock should be taatet or Blower than a Bun-dul; 
cuch a table should be put upon erery hDriiontsl san.4Ul. ] 
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Dials may be constructed on all kinda of planes, whether bori- 
zoatal or inclined ; a vertical dial may be made to face the Knitli, dt 
any point of Ihe compass; bul die two dials already described are 
the most useful. To acquire a complete knowledge of dialUng, tbe 
gnomonical projection of the sphere, and the principles of spheriol 
trigonometry, roust be thoroughly understood ; these pielimiouy 
brandies tony be learned from frnfrion's Gnomonkal Projection, and 
JTeiM's Trigonometry. The writers on dialling are very numeroui ; 
the last and best treatise on the sul^ect is ^nm-ion's. 
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Chapter II. 

Problems performed by the Celestial Globe. 

Problem LXV. 
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lluLE. Bring the sun or star to that part of the brass 
meridian wJiich is numbered from the equinoctial towards 
the poleH ; the degree on the brass ineridian is the de- 
clination, and the number of degrees on tlie equinoctial, 
between the brass meridian and the point Anes, is the 
right ascension. 

On, Place both the poles of the globe in the horizon, 
bring the sun or star to the eastern part of the horizon; 
then the number of degrees which the sun or star is 
northward or southward of the east, will be the declina- 
tion north or soulh ; and the degrees on the equinoctial, 
irom Aries to the horizon, will be the right ascension. 

Examples. I. Required the right ascension and de- 
clination of a Dabke, in the back ot the Great Bear. 

jintuvr. Highl aseenaion 162 ' -19', declination C'J^ 48' N. 

2. Required the right ascensions and declioatitHis of 
the following stars ; 



Y, Algenil), in Pegasus. 
a, Scheder, m Cassiopeia. 


0, Rieel, in Orion. 
■>, Beliatrix, in Orion. 


&, Miraeh, in Andromeda. 


", Betelgeux, in Orion. 


a, Ackemer, in Eridanus. 


I, Canopm, in Argo Nayis. 


o, Menkar, in Celus. 


«, Proc_y(Wi,intheLitt]eDog. 


0, Algol, in Perseus. 
-, Aldebaran, in Taurus. 


y, Algornb, in the Crow. 


a, Areturus, in Bootes. 


«, Capella, in Auriga. 


t, Vendemiatrix, in Virgo. 




eciinattons uf tlic moon and tba 


pUncti muit Ik found from ui 


ephemerih ; because, by their con- 


tioiMl dUMige of liiuatioii, they a 


luiDt be placed ou the caleitia] globe. 


M the atui arc placed.. 
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Problem LXVI. 
Tojind the latitude and longitude of a star* * 

Rule. Place the upper end of the quadrant of alti- 
tude on the north or south pole of the ecliptic, according 
as the star is on the north or south side of Uie ecliptic, and 
move the other end till the star comes to the graduated 
edge of the quadrant ; the number of degrees between the 
ecliptic and the star is the latitude ; and the number of 
degrees on the ecliptic, reckoned eastward from the point 
Aries to the quadrant, is the longitude. 

Or, Elevate the north or south pole ^^^ above the 
horizon, according as the given star is on the north or 
south side of the ecliptic ; bring the pole of the ecliptic 
to that part of the brass meridian which is numbered 
from the equinoctial towards the pole ; then the ecliptic 
will coincide with the horizon; screw the quadrant of 
altitude upon the brass meridian over the pole of the 
ecliptic ; keep the globe from revolving on its axis, and 
move the quadrant till its graduated edge comes over the 
given star : the degree on the quadrant cut by the star is 
its latitude ; and the sign and degree on the ecliptic cut 
by the quadrant shew its longitude. 

Examples. 1. Required the latitude and longitude of 
a Aldebaran in Taurus ? 

Answer, Latitude 5° 28' S. longitude 2 signs 6^ 53' ; or 6' 53' in 
Gemini. 

* 

2. Required the latitudes and longitudes of the follow- 



ing stars ? 

a, Marhahy in Pegasus. 

.5, Scheat, in Pegasus. 

a, Fomalhauty in the S. Fish. 

a, Denebf in Cygnus. 

«, Altaivy in the Eagle. 

/S, Albireo, in Cygnus. 



a, Vega, in Lyra. 
y, Rastaben, in Draco, 
a, AntareSy in the Scorpion, 
a, ArcturuSy in Bootes. 
^y Pollux, in Gemini. 
/5, Rigel, in Orion. 



♦ The latitudes and longitudes of the planets must be found from 
iU3 ephemeris. 

Pro- 
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Pboblem LXVIL 

The right ascension and dedination of a stavy the moon, 
a pMnety or qfaeometj being givenf tojind its place on 
the globe. 

Rule. Bring the given degrees of right ascension to 
that part of the brass meridian which is numbered from 
the equinoctial towards the poles ; then under the given 
declination on the brass meridian you will find the star, 
or place of the planet. 

Examples. 1. What star has 261^ 29' of right as- 
cension, and 52° 27' north declinaticm? 

Antwer. fi in Draca 

2. On the 20th of August 1805, the moon's right ascen- 
sion was 9V S'y and her declination 24;^ 48' ; find her place 
on the globe at that time. 

Answer, In the milky way, a little above the left foot of Castor. 

3. What stars have the following right ascensions and 
declinations ? 

Right Ascensions. Declinations. 



Right Ascensions. 


]>eclinations. 


7*19' 


55**26'N. 


11 11 


59 38 N. 


25 54 


19 50 N. 


46 32^ 


9 34 S. 


53 54 


23 29 N. 


76 14 


8 27 S. 



83<> & 


34°irs. 


86 13 


44 55 N. 


99 5 


16 26 S. 


110 2?7 


32 19 N. 


113 16 


28 30 N. 


129 2 


7 8 N. 



4. On the first of December 1822, the moon's ri^ht 
ascension at midnight will be 116° 12', and her decim- 
ation 22^ 35' N. ; find her place on the globe. 

5. On the first of May 1822, the dedination of Venus 
will be 1^ 30^ S., and her right ascension 356° 15' ; find 
her place on the globe at that time. 

6* On the 19th of January 1822, the declination of 
Jupiter will be 7° 35' N., and his right ascension 21° ; 
find his place on the globe at that time. 
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Problem LXVIIL 

I'he latitude and longitude of the moon, a stavy or a planet 
given, tojind its place on the globe. 

Rule. Place the division. of the ouadrant. of altitude 

marked o, on the given longitude in tne ecliptic, and the 

upper end on the pole of the ecliptic ; then, under the 

given latitude, on the graduated edge of the quadrant, 

' you will find the star, or place of the moon, or planet 

Examples. 1. Wliat star has signs 6^ 16' of ToBgi- 
tude, and 12° 36' N. latitude? 

Answer, y in Pegasus. 

2. On the 5th of June 1822, at midnight, the' moon's 
longitude will be 8*27° 19', and her latitude 3^54^8-; 
find her place on the globe. 

S. What stars have the following latitudes and longi- 
tudes ? 



Latitudes. 

12° 35' S. 
5 29 S. 
31 8 S. 
22 52 N. 
16 3 S. 



Longitudes. 
1»11°25' 
2 6 53 
2 13 56 
2 18 57 
2 25 51 



Latitudes. 

39° 33' S. 
10 4 N. 
27 N. 
44. 20 N. 
21 6 S. 



Long&udes. 
8«11°1S' 

3 17 21 

4 26 57 
7 9 22 

11 56 



4. On the first of June 1822, the longitudes and lati- 
tudes of the planets will be as follow ; required their 
places on the globe ? 



Longitudes. 
5 2*29° 3' 

S 24 59 
3 5 6 52 



Latitudes. 

2° 9'N. 
2 15 S. 
1 13 N. 



Longitudes. 

U 1»19°48' 
1? 1 4 56 
'^9 6 22 



Latitudes. 

(T 53' S. 

2 16 S. 
23 37 S. 



Problem LXIX. 

The day and hour, and the latitude of a place being given, 
tojindvohat stars are rising, setting, culminating, %c. 

Rule. Elevate the pole to the latitude of the place, 

find the sun's place in the ecliptic, bring it to the brass 

iiieridian, and set the index of the hour-circle to 12; 

theiij if the tiraebebetoxe tvootv,\\xttv the globe eastward 



^^ 
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on its axis till the index has passed over as many hours 
as the time wants of noon ; but, if the time be past noon. 
turn the globe westward till the index has passed over as. 
many hours as the time is past noon : then all the stars 
on the eastern semi-circle of the horizon will be rising, 
those on the western semi-circle will be setting, those 
under the brass meridian above the horizon will be cul- 
minating, those above the horizon will be visible at the 
given time and place, those below will be invisible. 

If the globe be turned on its axis from east to west, 
those stars which do not go below the horizon never set 
at the given place ; and those which do not ccme above 
the horizon never rise ; or, if the given latitude be sub- 
tracted from 90 degrees, and circles be described on the 
globe, parallel to the equinoctial, at a distance from it 
equal to the degrees in the remainder, they will be the 
circles of perpetual apparition and occultation, 

Examples, I. On the ninth of pebruary, when it is 
nine o'clock in the evening at London, what stars are 
rising, what stars are seting, and what stars are on the 
meridian ? 

Anivrr. Al[ituu:ca, in Ihtnorlbern Crown Is rising; Arcturus unil 
Mirach, in BodIeb, jusi above the horizon; SirJus on tlie meridian ; 
Procyon and Castor and Pollux a liHle EUt oC the meridian, lliu- 
cmttslUtiona Orion, Taurus, and Auriga, a litdo w««t of the meridian ; 
Markab, in PegaBUs, juat Ijdow llie ncatecn edge of the horizon, && 

2. On the 20th of January, at two o'clock in the moiii- 
ing at London, what stars are rising, what stars are set- 
rag, and what stars are on the meridian P 

^luwer. Vega in Ljtm, the liead of the Serpent, Spica Virginia, 
Ac. are rising; the head of tlie Great Bear, llic claws of Csnccr,&<.'. 
on the meridian ; the head of Andromeda, the neck of Ciilus, and thL- 
bodj of Colutntja Noachi, &c. ore seting. 

3. At ten o'clock in the evening at Edinburgh, on tlie 
15th of November, what stars are rising, what stars are 
setting, and what stars are on the meridian ? 

4'. What stars do not set in the latitude of London, and 
at what distance from the equinoctial is the circle of per- 
petual apparition? 

$. What stars do not rise to tlie inhabitants of Edin- 
' , and at what distance from the equinoctial is the 
of perpetual occultation ? 
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6. What stars never rise at Otaheite, and what ita» 
never set at Jamaica P 

7- How far must a person travel southward from Lofi- 
[Ion to lose sight of tlie Great Bear ? 

S. What stars are continually above the horizon, at the 
north pole, and what stars we constantly below the boii- 
KOn thereof? 

Problem LXX. 

The latitude of a place, day nflkr. month, and hour batig 
given, to ptace the globe in such a manner as lo ri^rt- 
sent the heavens at that time} in order tojind out lie 
relative situations and names of the consleltations mtd 
remarkable stars. 

Rule. Take the globe out into the open air, on a 
clear star-light night, where the surrounding horizon is 
uninterrupted by different objects; elevate the pole to 
the latitude of the place, and set tlie globe due north 
and south by a meridian line, or by a mariner's compass, 
taking care to make a proper allowance for the variation: 
tind the sun's place in the ecliptic, bring it to the bract 
meridian, and set the index of the hour-circle to 12; then, 
if the time be after noon, turn the globe westward on it* 
axis, till the index has passed over as many hours as the 
time is past noon ; but, if the time be before noon, Inni 
the globe eastward till the index has passed over as manj 
hours as the time wants of noon : fix the sJobe in this 
position, then the fiat end of a pencil being placed on anj 
star on the globe so as to point towards the centfc, 
the other end will point to that particular star In fte 
heavens. 

PaoDLEM LXXI. 

To find when any star, or planet, viill rise, come to Hu 
meridian, and set at ani/ given place. 

RtTLE. Elevate the pole so many degrees above the 
horixon as are equal to the latitude of tlic place ; find the 
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sun's place in the ecliptic, bring it to the brass meridian, 
and set the index of tne hour-circle to 12. Then if the 
star* or planet be below the horizon, turn the globe xvest- 
ward till the star or planet comes to the eastern part of 
the horizon, the hours passed over by the index will sheir 
the time from noon when it rises ; and, by continuing the 
motion of the globe westward till the star, &c, comes to 
the meridian, and to the western part of the horizon suc- 
cessively, the hours passed over by the index will shew 
the time of culminating and setting. 

If the star, &c be above the horizon and east of the 
meridian, find the time of culminating, setting, and 
rising, in a similar manner. If the star, &c. be above the 
horizon west of the meridian, find the lime of setting, 
rising, and culminating, by turning the globe west^va^d 

Examples. 1. At what time will Arcturus rise, come 
to the meridian, and set, at London, on the 7th of Sep- 
tember? 

jltuaer. ll will nae u seven o'clock in the morning, come lo tJie 
meridum at three in the BAemoon, and set at eleven o'clock at ni^t. 

S. On the tirst of August 1805, the longitude of Jupiter 
was 7 signs 26 deg. 34 min., and his latitude 45 min. 
N.i at what time did be rise, culminate, and set, at 
Greenwich, and whether was he a morning or an evening 
star? 

Aniaer. Jupitei rose >t liaJf-pasl two in the afternoon, cftine tu 
the meridian at about ten minutes to seven, and set at a quarter-past 
(iloven in the evening. Here Jupiter was an evoning star, because he 
tetafler the sua. 

S, At what time does Srrius rise, set, and come to the 
meridian of London, on the Slst of January P 

*. On the 1st of January 1822, the longitude of Venus 
will be 10 signs 27 deg. 46 min,, and her latitude 1 deg. 
1 min, S.; at what time will she rise, culminate, and set 
at Paris, and whether will she be a morning or an evening 
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5, At what time does Aldebaran rise, come to the me- 
ridian, and set, at Dublin, on the 25th of November? 

6. On the first of February 1S20, the longitude of 
Mars will be 5 signs 6 deg. 28 min., and latitude 4 deg. 
18 min. N. ; at what time will he rise, set, and come to 
the meridian of Greenwich ? 



Problem LXXIl. 

To Jcnd the amplitude of an)/ star, its oUique oiCenstonlMi 
descendon, and its diurnal arcjor any given day. 

Rule. Elevate the pole to the latitude of tlie place, 
and bring the given star to tlie eastern part of the ho- 
rizon ; then the number of degrees between, the star and 
the eastern point of the horizon will be its rising am- 
plitude ; and the degree of the ec^uiooctial cut hy the 
horizon will be the oblique- ascension : set the index of 
Ihe hour-circle to 12, and turn the globe westward till the 
giten star comes to the western edge of the hotiion ; the 
hours passed over by the index will be the star's diumal 
arc, or continuance above the horizon. The setting am- 
plitude will be the number of degrees between the star 
and the western point of the hori^foti, and the oblique de- 
scension will be represented by that degree of the equi- 
noctial which is intersected by the horizon, reckoning 
from the point Aries. 

Examples. ]. Ret^uired the rising and setting am- 
plitude of Sirius, its obhque ascension, oblique descendon, 
and diumal arc, at London ? 

Antvxr. The riaiiig amplilude is 2T deg. lo tlie ijoutli of the cut; 
netting amplitude 27 dcg. south uf tbe west; oblique oacensToa 1% 
deg.; obliijuedescension 7T deg. ; and diurnat Arc 9 boors 6niinultt. 

2. Required the rising and setting amplitude of Alde- 
baran, its oblique ascension, oblique descension, and 
diumal arc, at London P 

3. Required the rising and setting amplitude of Arctii- 
rus, its oblique ascension, oblique descension, and diurnat 
arc, at London ? 

4. Reijuired the rWmg and setting amplitude of j 
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8ellatrix, its oblique ascension, oblique deacension, 
tliurnal arc, at London ? 



1 



Problem LXXIU. 

The latitude of a place given, lofind the time of the year 
at which any knovin star rises or sets acronically, thai 
is, luhen it rises or sets at sun-setting. 

HuLE. Elevate the pole to the latitude of the place, 
bring the given star to the eastern edge of the liorizon, 
and obficrve what degree of the ecliptic is intersected by 
the western edge of the horizon, the day of the month 
answering to that degree will shew the time when the 
star rises at sun-set, and consequently when it begins to 
be visible in the evening. Turn the globe westward on its 
axis till the star comes to the western edge of the hori- 
zon, and observe what degree of the ecliptic is inter- 
sected by the horizon as before ; the day of the month 
answering to that degree will shew the time when the 
star sets with the sun, or when it ceases to appear in the 
evening. 

Examples. 1. At what time does Arcturus rise 
acronically at Ascra * in Bteotia, the birth-place of 
Hcsiod; the latitude of Ascra, according to Ptolemy, 
being 37 de^. 45 min. N. ? 

AnsuKr. When Arcturus is nt the eastum part of the bOFizan, the 
elereatii degree of Aries will be at tite western part answeiiug to tJii.' 
first of April |, the time when Arcturus risea acrouioiUy ; and it will 
Kt •crooicsllj' on the 30tb of Kovernber, 

2. At 



• See lage 16, 

f Hence Arcturus now rises arruiiieally in Is 
■bout too [Ibjs after the winter uUtice. Hesioii,'uitua Opem. 
lilfcii. yeraelUS, Bays: 

When from Ilie solstice sixty wintry days 
Their turns liuve GniiJieil, marli, with glitt'ring rays. 
From Ocean's sacred flood, Jrctunu rise, 
Thenfirit to gild the dusky ercning akies. 
Here ii ■ ^ilTerencc oT 40 dayii in the acronical riung of this stur 
(sujjposing Hcsiod to be correct) between (lie tima oE tte>iwl.»»4. 



i 
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S. At wiist time' of the year does Aldebaran rise 
acronically at Athens, in 58 deg. N. latitude ; and at 
what time of the year does it set acronically? 

3. On what day of the year does y in the extremity of 
the wing of Pegasus rise acronically at London ; and on 
what day of the year does it set acronically ? 

i. On what day of the year docs i in the rieht foot of 
Lepus rise acronically at London ; and oo what d 
the year does it set acronically ? 



Problem LXXIV. 

The latitude of a place ^vm, iojind the time of the year at 
which anif known star rises or sets COSMICALLV, that is, 
when it rtses or sets at sun-rising. 

Rule. Elevate the pole to the latitude of the place, 
bring the given Btar to the eastern edge of the horizon, 
and observe what sign and degree of the ecliptic are in- 
tersected by the horizon ; the month and day ef the 
month, answering to that sign and degree, will shew the 
time when the star rises with the sun. Turn the globe 
westward on its axis till the star comes to the western 
edge of the horizon, and observe what sign and degree 
of the ecliptic are intersected by the eastern edeei " ^ 
fore ; these will point out on the horizon the tmae yKbea 
the star sets at sun-riang. 

Examples. 1. At what time of the year da &n 
Pleiades set cosmically at Miletue In Ionia, the birth-{dace 
of Thales ; and at what time of the year do they rise cos- 
mically ; the latitude of Miletus, according to Ptolemy, 
being 37 deg. N.? 



Uie present time ; and as a day ansveFS to about 59' of the elliptic 
[see the note page 15), 40 ilays will answer to 39 deg. ; consequendy, 
tbe winter solstice in the time of He^od was in the mh Aeg, of Aqua- 
rius. Now, the recession of the eqainoiea is about 50}" ia a foar ; 
hence SOi" : 1 year : ; 39° : 2794 years since the time of Hesiudi 
lo that he lived 990 years before Oirisl, by tliis mode of reckoning. 
Lemprkre, in hia CJassical Dictionary, says Heaiod lived 907 yean 
before Qmst. 
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jtnacer. Tbo Flaiade* riu wiUi Ihe lun on Ihu lOtli of Maf, and 
Ihey *et at tiie time of nm-rlsing on the 2£d of November. * 

2. At what time of the yeai does Sirius rise with the 
sun at London ; and at what time of the year will Sirius 
set when the sun rises ? 

3. At what time of the year does Menkar, in the jaw 
of Cetus, rise with the sun, and at what time does it set 
at sun-rising at London ? 

4. At what time of the year does Procvon, in the 
Little Dog, set when the sun rises at Lonuon, and at 
what time of the year does it rise with the aun ? 

Problem LXXV. 

To Jind the time o/' the year lohen any given star r 
sets hbliacai.lv. f 

RuLE. The heh'acal rising and setting of the stars wiQ 
vary according to their diiferent degrees of magnitude 
and brilliancy ; for it is evident that the brighter a star 
is when above the hori»o'n, the less the sun will be de- 
pressed below the horizon when that star first becomes 
visible. According to Ptolemy, stars of the ^rst magni- 
tude are seen rising and setting when the sun is twelve 
degrees below the horison ; stars of the second magnitude 



* Pliny uyi (Nut. Hist. lib. iviii. cap. S5. ) lliat Thalcs (ktermiaed 
ihe eosmiral sedng of tlie Pleiades to be twenty-five days tfter llie 
nulumDal e<juiaai. Supjuuing Ihisobnerration to be madeu Milelus, 
there will be » diScrence of t|urty^Te days id the eusmical setting of 
this uar dnc^e the time of Tiules ; and, aa a day answers to about S^ 
at the ecliptic, these days will make about 34° 2S' } consequcntrj, in 
tbe liiDe of Thalei, the sutumnal equinoctial coliire passed through 
4° SS" of Scorpio: wid, as before, 50j" : 1 year; : 34° aff : S4S5 yean 
since the time of Thales, lO thai Tholes lived (6465 — 1804] 6GI 
years before tjie birth of Christ. According to Sir I. Newton's Chro- 
nology, Tliales doiimhcd 596 before Christ. Tbaluswas u-clUkilletl 
in geometry, astronomy, and philosophy ; he measured tiie height ind 
extent of tlie Pyramids of Egypt, was the first who calculated witli 
accuracy a solar eclijHe; he lUscorered the solstices and equinoiet, 
divided the heavens into iire lones, and recommended the division of 
the year into 365 days, Miletus was situated in Asia Minor, loutli 
of Ephasus, and uiutb-east of Ihe island of Somas. 

f See IWinitiOD 90, page 36. 

O S \«>a!ae» j 
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require the sun's depreesion to be thirteen degrees ; stars 
of the third magnitude fourteen degrees, and so oir, 
reckoning one degree for each magnitude, Tliis being 
preniified: 

To SOLVE THE Problem. Elevate fhe pole so many 
degrees above the horizon as are equal to the latitude of 
the pla«e, and screw the quadrant of altitude on the brass 
niertdian over that latitude ; bring the given star to the 
eastern edge of the horizon, end move the quadrant of 
altitude till it intersects the ecliptic twelve degrees below 
the horizon, if the star be of the firfit magnitude ; thirteen 
degrees, if the star be of the second magnitude ; fourteen 
degrees, if it be of the third magnitude, &c. : the point 
of the ecliptic, cut by the quadrant, will shew the day of 
the month, on the horizon, when the star rises beliacallj. 
Bring the given star to the western edge of the horiion, 
and move the quadrant of altitude till it intersects the 
ecliptic below the western edge of the horizon, in a similsi 
manner as before ; the point of tlie ecliptic cut hy the 
quadrant will shew the day of the month, on the hoiixoa, 
when the star sets heliacally. 

Examples, 1. At what time does ^ Tauri, or the 
bright star in the Bull's Horn, of the second magnitude, 
rise and set heliacally at Rome? 

Antuvr. The quadnuit will intellect thv 3il of Cancer 13 denvci 
litJow the easLcrn horiion, answering to Oie 2itb of June ; •no dw 
Ttb ot Gemini 13 deg, below Ibe weetcm b<aixoa, aatveting to ibt 
SSth of May. 

2. At what time of the year does Sirius, or the Dog 
Star, rise heliacally at Alexandria in Egvpt : and at whtl 
time does it set heliacally at the same place ? 

AtisvxT. Ttie latitude ot AlexBtnlria is 3 1 deg. 1 3 min. north ; Iht 
quBdranl will intersi'ct the ISth of Leo, IS deg. below Ihe eaMem bo- 
rizon, HiiBWerinK lo the 4Ih of August ■ ; uid tiK 2d of Geraioi, IS 
deg, below tbe wcstem borizoa, answering to the SSdof SAay. 

3. At 



• Tbe aucienis reckoned the beginning of the Dog Da^ trom tlie 
heliacal riEung uf Sinus, and Iheir eontiouancre to be about 40 dayt. 
Ilesiod informs ub that the hottest season of Ihe year {Dog Sayi* 
ended about 50 days after tJic summer solstice. We have detemuDed 
ia [Jienal*:of£iampkl. Fcab.LXXIII. (though perbapa 
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3. At what time of the year does Arctuvus rise hclia- 
caily at Jerusalem, and at what time does it set lielia- 
callyP 

4. At what time of the year does Cor Hydrse rise ami 
set beliacally at London? 

5. At what time of the year does Procyon rise and set 
Meliacally at London ? 

6. If the precession of the equinoxes be 50i seconds in 
a year, how many years will elapse, from 1822 before 
Sirius, the Dog Star, will rise heliacally at Christmas, 
at Cairo in Egypt? When this period happens, Sirias 
"■■" — '■--J no longer be accused of bringing sultry 



wilJ perhaps 
weather. 



BfcunlBl;), dut dte winter sdadcc, in the time of Hesiod, was in -Uie 
<nli degree of Aquiriui ; consequently, (he summer solstice wu in ihn 
9th degree of Leo s qdw, it appear* froro tboie, that Siiiut riseii lie- 
liimll]' at Aleinndria wlien tlie «un ia in the 12th degree of Xjw; and, 
as a degree nearly ausivers to a day, ^rius rose heliacall; in tlic lime 
uf Hesiod, aboul four days ofler tJie summer solstice ; and if the 
Dag Days continued forty days, tliey ended about forty-four daye 
alUr the summer solstice. The Dog Days in our almoiwcs begin 
on the lliird «f July, which is twelve days after (he summer solstice, 
andoiul on the llth of August, which is <i(l;-one days after the 
rammer solstice; and their continutuice is thirty-nine days. HenCe 
it ii plain, thai the Dog Days of the modems hare no reference 
wbaleier lo the rising of Sirius, for this star rises heiiacany at London 
on (be twenly-fiftli of August, and, aa well as the rest of the stars, 
varies in itn ri^ng and setting according to the variation of the 
latitudes of places, and therefore it could have no influence wlutever 
oa the temperature of thcatmosplierG; yet, as the Dug Star rose lie. 
■locally at the commencement of tlie hottest season in Egypt, Greece, 
Ac. in tJie eorher ages of the world, it was very natural for the an- 
cimta to imagine that the heat, &c. was tlie effect of this star. A 
tew yean ago, tlic Dog Days in out alnuuuca began at the coiiiiknl 
riung of frocyon, vis. on the SOlh of July, and continued to the Tth 
of Sepleinlwr ; but tliey an now, very projierly, altered, and nude 
not to depend on the variable rising of any particular ' - 






PROBLEMS FSRTOtlMED B¥ 



Problem LXXVI. 



The latitude of a place and day qf the month being given, to 
Jind all those stars that rise and set ACROKICALLT, 

cos MIC ALLY, ( 



Rule. Elevate the pole so many degrees above tbe 
horizon as are equal to the latitude of the given place. 
Then, 

1. For the acronical rising^ and setting, find the min's 
place in tlie ecliptic, and bring it to the western edge of 
the horizon, and all the stars along the eastern edge of 
the horizon will rise acronically, while those along the 
western edge will set acronically. 

2. For the cosmical rising and setting, bring the nin's 
place to the eastern edge of the horizon, and all the stars 
along that edge of the norizon will rise cosmieally, while 
those along the western edge will set cosmieally. 

3. For the heliacal rising and setting, screw the quadiaDt 
of altitude over the latitude, turn the globe eastward on 
its axis till the sun's place cuts the quadrant twelve de- 
grees below the horizon ; then all stars of the first mag- 
nitude, along the eastern edge of the horizon, will rise 



• Tliis problem is the reverse of tbe three precsdfag { 
llirar principal use is to illusErate several passages in the i 
writerB, sudi 03 Hesiod, Virgil, Coluinelln, Orid, Pliny, &c See 
DcdnitioQ 64, page IS. The tnowledge of these poetical risings and 
settings of the stars vas held in great esteem among the ancients, and 
was very usefiil to Ihem in adjusting the times set apart for their re- 
ligioui and ciiil duties, and for marking the seasana proper for the 
Keveral puts of husbejidiy ; for the knowledge nhi'cb the indents bwi 
of the motions of the heavenly bodies via not sufficieal to adjust tbt 
true length of the year t end, as the returns of (he seasoni depend 
upon the approach of ibe sun to the tropical and equinoctial poinC, 
H) they made use of these risings and settings to dctt^tmne tbe com- 
mencement , of the different seasons, the time of the oveHloxving of thf 
Nile, &c The knowledge which the moderns have acquired of the 
motions of the Ireaventy bodies renders such observotionB as the 
ancients attended to in a great measure useless, and, instead at watcb- 
ing the rising and setting of particutar stars for any remarkable season, 
t/iej' can sit by the fire-side snd consult an almanac. 
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heliacally ; BJid, by cDBtinuing the motion of the globe 
eastward till the sun's place intersects the quadrant in 
13, H. 15, &c. degrees below the horizon, you will find 
all tl)e BlBrs of the second, third, Jburlk, &c. magnitudes, 
which rise heliacally on that day. By turning the globe 
westward on its axis, in a similar manner, and bringing 
the quadrant to the western edge of the horizon, you wiD 
find all the stars that set heliacally. 

Examples. 1. What stars rise and set cosmically at 
Edinburgh, on the 11th of June? 

Aiumer. Tlie bright star ia Castor, Aldebaron ia Taurus, Fomal- 
Iiaut in the Htuliivni Fiih, &c. rise CDsmically ; thosi.' stars in thi> body 
of Lvo Minor, the arm of Virgo, (he right foot of Boiiles, port of the 
CentiiiT, &c, set cosmicaUy. 

S. What stars rise and set acronicatly at Drontheini 
in Noway, latitude 63° 26' N. on the 18th of May ? 

JnnxT. Altur in the £^lc, the head of the Dolphin, &c. riK 
acronically ) and Aldebaran in Taurus, Belcl(;eui in Orion, &c. set 
ocroaiaill]'. 

3. What star of the first magnitude rises heliacally at 
London, on the 7th of October? 

4. Wliat star of the first magnitude sets heliacally at 
London, on the 5tli of May ? 

5. What stars rise and set acronically at London, on 
the 26th of September ? 

6. What stars rise and set cosmically at London, on 
the 23d of March ? 

PROBI.SM LXXVIL ^H 

To iUuitrale the preceition of the equinoxtt. ^^^| 

Obbervatiomb. All the stars in the different COt^ 
stellations continually increase in longitude; consequent- 
ly either the whole starry heavens liave a slow motion 
from west to east, or the equinoctial points have a slow 
motion from east to west. In the time of Meton *, the 
first 
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first Star in the couBteliation Aries, now marked |8, passed 
through the vernal equinox, whereas it is now upwards of 
30 • degrees to the eastward of it. 

Illustration. Elevate the north pole 90 degrees 
above the horizon, then will the equinoctial coincide witli 



pole towards the equinoctial, and make a mark upon 
the brass meridian above it; let this mark be considered 
as the pole of the world, let the equinoctial represeui 
the ecliptic, and let the ecliptic be considered as the 
equinoctial ; then count S8^ degrees, the complemeni 
of the latitude of London, from 'this pole upwards, and 
mark where the reckoning ends, which will be at 75 de- 
grees, on the brass meridian, from the southern point of 
the horiiion ; this mark will stand over the latitude ol' 
London. 

Now turn the globe gently on its axis from east to 
west, and the equinoctial pointB will move the same way, 
while, at the same time, the pole of tlie world J will de- 
scribe a circle round the pole of the ecliptic || of4&' 56' 
in diameter; this circle will be completed in a ^ Ftatoiuc 
year, consisting of 25,791 years, at the rat« of 50^ seconds 
in a year, and the pole of the heavens will vary its situ- 



cjrcli: of 19 years, he endeavoured to adjust the course oT tbe sun and 
oT the iDoon ; and sttcinpted to shew that the solar and luDor jtan 
muld reguhirif beginfrom the same pointin the hesiens. 

• If the precesiiion of the equinoxes be 50^" in a year, ami If the 
equinoctial colure passed through Arietis, 4S0 yean before Chrin, 
the longitude of this star ought now (1804) to be 31° irf 58", for 
1 year : 50^" : ; 2234 years (=430+ 1804) : 31° 10' 58", and tUi 
longitude is not far from the truth. 
, 'I' The pole of the ecliptic b that point on the glob^ in Ote vdil 
circle, where the circular lines meet. 

f Let it be remembered tliat the pole of the ecliptic oa the riobe 
here repreaents the pole of the world. 

II Take notice, that the citremity of the globe's axis here repreamlt 
the pole of the ecliptic. 

{ A Platonic year in a period of lime deiermined by the revolutiim 
of the equinoxes ; this period being once completed, die ancients were 
of opinion that the world was to begm anew, and the same seriel of 
Ujiaga to return over again. See the 64th Definition, page tS- 



Ciiap.W. THE ClLBSTiAt GLOBE. 3(S 

ation a small matter every year. When 12,895^ years, 
being half the Platonic year, are completed, (which may 
be known by turning the globe half round, or till the 
point Aries coincides with the eastern point of the ho- 
rizon,) that point of the heavens which is now 8^ degrees 
south of the zenith of London will be the north pole *, as 
may be seen by referring to the mark which was made 
over 75 degrees on the meridian. 

Problem LXXVIII. 

Tiijind the distances of the ttarsjrom each other in degrees. 

Rule. Lay the quadrant of altitude over any two 
stars, so that the division marked o may be on one of the 
stars ! the degrees between them will shew their distance, 
or the angle which these stars subtend, as seen by a 
spectator on the earth. 

Examples. 1. What is the distance between Vega in 
Lyra, and Aitair in the Eagle ? 

Jmuier- M ikgrees. 

2. Henuired the distance between fi in the Uull's Horn, 
and y Bellatris in Orion's shoulder ? 

3. What is the distance between $ in Pollux, and a in 
Procyon ? 

i. What is the distance between n, the brightest of the 
Pleiades, and 3 in the Great Dog's Foot ? 

5, What is the distance between r in Orion's girdle, 
and ^ in Cetus ? 

6. What is the distance between Arcturus in Bootes, 
and (3 in the right shoulder of Serpentarius ? 

Problem LXXIX. 
To Jind what stars lie in or near the moon's path, or what 

atari the moon can eclipse, or make a near approach to. 

Rule. Find the moon's longitude and latitude, or her 
right ascension and declination, in an ephemerts, for 
several days, and mark the moon's places on the globe (as 
directed in Problems LXVIII or LXVII); then by lay- 
ing a thread, or the quadrant of altitude, over these 
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places, you will see nearly the moon's path *, and con- 
•equently, what stars lie in her way. 

Examples. 1. What stars were in, or near, the moon't 
path, on the 10th, 1 1th, 13th, and 16th of December 1805 ? 

lOth, J 'a longitude SI 20° 12' latitude 3° 34' S. 

11th, . - nfi 4 22 - - 4 25 8. 

18th, - - ii 1 39 - - 5 15 S. 

16th, - - 111 10 11 - - 4 26 8. 

AniMKf. Ilie Stan will be found to be Cor Leonis or Begulus, ^oci 
Virginia, o in Libra, &c. See page 47, While's Ephemeris, 

2. On the 1st, 2d, 3d, 4th, and 5th of April 1822, what 
stars will lie near the moon's way ? 

1st, D 'a right ascension, 142° 14' declination l&> SO' N. 

2d, - ■ 154 10 - - 9 57 N. 

3d, - ■ 165 31 • - 4 14 N. 

4th, - - 176 32 - - 1 38 S. 

5th, - - 187 28 - - 7 12 S. 

Problem LXXX. 

Given the latitude of the place and ihe day of the month, to 
Jind what planets will be above the horizon /^ter sun-setting. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place ; find the 
sun's place in the ecliptic, and bring it to the western 
part of the horizon, or to ten or twelve degrees below ; 
then look in the Ephemeris for that day and month, and 
you will find what planets are above the horizon, such 
planets will be fit for observation on that night. 

Examples. 1. Were any of the planets visible after 

die sun had descended ten degrees f below the horizon of 

London, 



■ ITk ffllualion of the moon's orbit for any particular day may be 
fbulid thus : lind (be p\ace of Uie tnoon's asceniliiig node in the E[ibe- 
roeris, roBrlt Ihat place and its antipodes (being the descending node) 
on the globe ; half the way between lliese poinU make marks S° SO' 
on the north and south side (^ tbe ecliptic, viz. let the northern marl 
be between the aacendtng and descending node, and the Eouthem be- 
tween the descending and ascending node ; a thread tied round thew 
fijur points will shew the position of the moon's orbit. 

f Tlie planets are not visible till the sun is a certain numher tif de- 
giau below tbe horizon, and these degrees are rarioble accordiitg to 
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London, on the Istof December 1805? Their longitudes 

being as follows : 

5 8" 22^ 30' V 8> IS' 27' » 'a longitude at 

S 9 23 40 I? 6 24 50 midnight 0*9° 
J 8 25 21 y 6 24 5 

Amvur. VcDUa and the moon were visible. 

2. What planets will be above the horizon of London 
when tlie sun hus descended ten degrees below, on the 
Istof January 1822? Their longitudes being as follow : 

a S'SS-lff If 0«20°45' B 's longitude at 

£ 10 27 +7 ^ 19 56 midnight 0» 24° 50' 
a< 5 9 14 ^ 9 3 40 



PROSLEM LXXXI. ^H 

Given thelatitudeqf the place, day of the month, and hour 
of the night or morning, to find luhat planets wiU be 
vUible at that hour. 

RvLE. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place ; find the 
sun's place in the ecliptic, bring it to the brass meridian, 
and set the index of the hour-circle to 12 ; then, if the 
given time be before noon, turn the elobe eastward till 
the index has passed over as many nours as the time 
wants of noon ; but if the given time be past noon, turn 
the globe westward on its axis till the index has passed 
over as many hours as the time is past noon ; let the 
globe rest io this position, and look in the Ephemeris for 
the longitudes* of the planets, and, if any of them be in 
the si^ns which are above tlie horizon, such planets will 
be visible. 



ic brighlnpsa of the planet), Itlercury becomes visible when the 
nil itaboul 10 deg, t>e1aw (hchoriioni Venuswiwn thesun's depres- 
il E degrees: iStn ll''30'; Jupiter 10°; Sotum 11°; and Ihe 
■ I 17° 30". 
■ It 1« oot Deceamij to give the lau'tudei of the planets io this pro- 
blem ; Tdt, if the signs and degrees of the ecliptic in which their 
longitudes are siiuoted be above the hoiiiuni ll« ijl«wai •«W'H^.'e«^se 

■ •BJl.toira.. ^.^^^^^^ 
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Examples, 1. On the first of December 1805, the 
longitudes of the planets, by an ephemeris, were as fol- 
low ; were any of them visible at London at five o'clock 
in the morning? 

a 8- 22-30' U 8" 15°27' D "s longitude ai 

S 9 23 40 ij 6 24 SO midnight 0» 9= 15'. 

^ 8 25 21 IJ? 6 24 5 

Aruwer. Saturn and [lie Georgium Sidua were viuble, and both 
ncnriy in the flame point of Ihe heavenB, neiir die esstern b(»iiiDOi 
Saturn was a little to ihi: north oftbc Georgian. 

2. On the first of June 1822, the longitudes of the 
planets in the fourth page of the Nautical Almanac are 
as follow : will any of them be visible at London at ten 
o'clock in the evening ? 

jj 2*29° S' % 1'19°48' J» 's longitude at 

S 24 59 I, 1 4 56 midnight 7' 9° +2 . 

S 5 6 52 ^ 9 6 22 

Problem LXXXIL 
Thelalilude qf the place and dav of the month 
to find Tio'w long Venus rises oejbrethe sun tuhen 
morning star, and kovi long she sets after the lun nAen 
she is an evening star. 

Rule. Elevate the pole so many degrees above the 
horizon as are e<jual to the latitude of the place ; find the 
latitude and longitude of Venus in an ephemeris, and nuik 
her place on the globe ; find the sun's place in the ecliptiCi 
and bring it to the brass meridian ; then, if the place of 
Venus be to the right hand of the meridian, she is an 
evening star ; if to Uie left hand, she is a morning star. 

WXen Venus is an evening star. Bring the sun's place 
to the western edge of the norizon, and set tlie index of 
the hour-circle to 12 ; turn the globe westward on its ttx'u 
till Venus coincides with the western edge of the horizon ; 
and the hours passed over by the index will shew how 
Ions Venus sets after the sun. 

When Venus is a morning star. Bring the sun's place 
to the eastern edge, of the horizon, and set the index of 
the hour-circle to 12; turn the globe eastward on it£ axis 
im "Venus comes to the easteru edge of the horizon, and 
- *« 
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the hours passed over by the index will shew how long 
Venus rises before the sun. 

Note. The same rule vjill serve Jbr Jupiter bi/ marking 
/lis place instead of that nf Venus. 

Examples, 1. On the first of March 1805, the lon- 
gitude of Venus was 10 signs, 18 deg. 1+ min., or 18deg. 
14 min. in Aquarius, latitude deg. 5S min. south : was 
she a morning or an evening star ? If a morning star, how 
long did she rise before the sun at London ; if an evening 
star, how lung did she shine ai^er the sun set ? 

Anmer. Venus was h morning star, and rose tliree quirtera of an 
hour before ilic buq. 

2. On the 25th of October 1805, the longitude of 
Jupiter was 8 signs, 7 deg. 26 min., "or 7 deg, 26 min. in 
Sagittarius, latitude deg. 29 uiin. north : whether was 
he a morning or an evening star? If a morning star, how 
long did he rise before the sun at London ? If an evening 
star, how long did he shine after the sun set ? 

Antvitr. Jujiiter was IID evening star, and scl: 1 hour'und 30 min. 
after tlie sun. 

3. On tlie first of January 1 822 the longitude of Venus 
will be 10 signs, 27 deg. 47 min., latitude 1 deg. I min. 
south : will she be a morning or an evening star ? If she 
be a morning star, how long will she rise before the sun 
at London? If an evening star, how long will she shine 
afler thesun sets? 

4. On the seventh of July 1822 the longitude of Ju- 
piter will be 1 sign, 26 deg. 20 min., latitude deg. 
5S min. south, will he be a morning or an evening siari' 
If he be a moniing star, how long will he rise before the 
sun ? If an evening star, how long will he shine after the 
sun setB? 



PnoBLEM LXXXin. 






The latiiude of a place and dav of the month* being ^ 
tojind the meridian altitude of any star or planet. 

RgLE. Elevate the pole so many degrees above tlie 
honsou 
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horizon Dfi are equal to the latitude o 
then, 

For a tlar. Bring the given star to that part of the 
brass toeridian, which is numbered from the equinoctiaJ 
towards the poles ; the degrees on the meridian contained 
between the star and the horizon will be the altitude re- 
quired. 

For the noon or a planet. Look in an ephemeria for the 
planet's latitude and longitude, or for its right aacensioD 
and declination, for the given month and day, a nd m ark 
its place on the globe, (as in Prob. LXVUI. or LXVU.); 
bring the planet's place to the brass meridian ; and the 
number of degrees between that place and the horizon 
trill be the altitude. 

Examples. 1. What is the meridian altitude of Alde> 
baran in Taurus, at London ? 

Amwtr. 54" Sff. 

2. What is the meridian altitude of Arctunu in S 
at London ? 

3. On the first of February 1822, the lai^tu 
Mars wilt be 5 signs, 6 dee. 28 mui^ and latitude 
4 deg. 18 min. norUi; what will his meridian altitude be 
at London ? 

4. On the first of November 1822, the longitude of Sat- 
urn will be 1 sign, 6deg. 31', and latitude 2 deg. Mm. 
sotttli i what will his mendian altitude be at Londoa? 

5. On the fourth of April 1822 at the time of the 
moon's passage over the meridian of Greenwich, hct 
right ascension was 176 deg.*, and declinatiDn 1 



: of Aide- I 

in^^^H 
gitud^^^ 



tude, aie inviriBblc ; thtreTore, wben Iho meiidiui allitudu of • tm 
19 Hiught, the ilay of the raontli ne«d not be attcndui to. 

* Bj the Nautical Almanac, the TDoon will psss trier Ae trnlHiHllI 
at 50 roinules put ten o'clock in the ovening, on the 4tb of AjtS^ 




right ascension at nudoight. — 
n labouTC train tu 
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deg. 16 min. south i required her meridiaa altitude at 
Greenwich ? f 

6. On the 2d of February 1822, the moon will pass 
over the meridian of Greenwich at 9 o'clock in the even- 
in;;; required her meridian altitude ? 

The )) -8 right Bscengion at noon being S4° J9', <1(wlin|iticn B7° S€ N. 
Do at midnight 9S 5B - - - 87 38 N. 

Phoblem LXXXIV. 

To find all those places on the earth to which the moon uiill 
be nearly vertical on any given day. 

Rule. Look in an ephemeriB for the moon's latitude 
and longitude for the given day, and mark her place on 
the globe (as in Prob. LXVIII.); bring tins place to that 
part of the brass meridian which is numbered from the 
equinoctial towards the poles, and observe the degree 
above it ; for all places on the earth having that latitude 
will have the moon vertical (or nearly so) when she comes 
to their respective meridians. 

Or: Take the moon's declination from page VI. of 
the Nautical Almanac, and mark whether it be north or 
south, then, by the terrestrial globe, or by a map, find 



12b.-. S'SS": ; loh. SO' : 4° ST; li I3h : 2' 53,' : : lOh. 50':S°3S'; 
heme iTl° 3' + 4° S7'=176^ heDceS°3S'— lOao'-l'^IS'S. 

llic moon'i right iscension at ( the moon'a declioitiDn at 50 
so DUDutespaBt la i| minutes past 10, 

The places of the planets may be tnlien out of ttiB Ephemeiis for 
noon «rithoiil sciuiblc eiror, iMcause iJieir dwlinatians vary less than 
■bat oTthe moan. 

f Tlic moon will have the giealeat and least meridifln altitude lo 
all the inhabitwits north a€ the equator, when her amending node i» 
in Ari(Mi ; for her orbit making an angle of S^^ with the ecliptic, her 
grealeat altilude will be 5}° more than the greuleat jneridional altitude 
of tlie lun, and her leait meridional altitude 5i° less than that of the 
aun. The greatest altitude of the sun at London is 62°; the inoon's 
grwicM dtilude ii therefore 67° SO*. The least meridioaBl ^litude 
uf thenin at London is 15°; the least nuridional altitude of the moon 
ii tberefbn tP «/. 
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all {Jaces having the same number of degrees of latitude 
as are contained in the moon's declination, and those will 
be the places to which the moon will be successively ver- 
tical on the given day. If the moon's declination be 
north, the places will be in north latitude; if the moon't 
declination be south, th^ will be in south latitude. 

Examples. 1. On the 15th of October 1805, the 
moon's longitude at midnight was Ssigns, 29 deg. limin., 
and her latitude 1 deg. 35 rain, south ; over what places 
did she pass nearly vertical ? 

AtavHT. R-om the inoon's latitude nnd longiiuiie being given, ba 
declinBtioti may be found by the globe to bi^ ^out 19° north. Tbt 
moon was lerticalBl Porto Rico, St. Domingo, the north of Jamsitt 
O'whf'hce, kt. 

2. On the third of December 1822, the moon's longi- 
tude at midnight will be 4 signs, 22 deg., and her latitude 
1 deg. 13 min. south ; over what places on the earth will 
she pass nearly vertical? 

3. What is the greatest north declination which the 
moon can possibly have, and to what places will she be 
then vertical ? 

4. What is the greatest south declination which the 
moon can possibly have, and to what places will she be 
then vertictd ? 

Problem LXXXV. 

Given the latitude of a place, da^ of the month, and the aili- 
tude of a star, tojind the hour of the night, and the ttart 

Rule. Elevate the pole so many degrees above Ac 
horizon as are equal to the latitude of the place, and 
screw the quadrant of altitude upon the brass meridian 
over that latilyde: find the sun's place in^ the ecliptic, 
bring it to the brass meridian,- und set the index of the 
hour-circle to 12; bring the lower end of the quadrant 
of altitude to that side of the meridian" on which the 



• II is necessary to know on which dJe of the meridiiui 4ie star b 
il Ibe lime of obKnalion, bewuisji it VvY\ Wc the lanie altitude in 
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star was situated when observed; turn the globe iu«(wof(/ 
lili the centre of the star cuts the given altitude on the 
quadraot ; count the hours which the index has paaeed 
over, and they will shew the time from noon when the 
star has the given altitude: the auadrant will intersect 
the horizon in the required aziniuui. 

Examples. 1. At London, on the 28th of Decem- 
ber, the star Deneb in the Lion's tail, marked $, was 
observed to be iO deg. above the horizon, and east of the 
meridian ; what hour was it, and what was the star's azi- 

Aniwer, By bringing the sun's place to the mcriJinn, and turnine 
■be globe HeBlvacd on ils mis dll the star cuts 40 (leg. of the qua- 
drtuiL eatt of the mcridianj the inder will have passed Direr 1 4 hourii ; 
Ooiuwijueiitly, the Btar has 40 dt^. of altitude east of tbe menilian, 14 
hours from noon or at two o'clock in the morning. lis miniuth will 
be 62^ deg, frotn the south towarda the ea^t. 

2. At London, on the 28th of December, the star in 
the Lion's tail was observed to be westward of the meri- 
dian, and to have 40 deg. of altitude ; what hour was it, 
and what was the star's azimuth? 

Antwer. By turning the globe nestwu-d on its axis till the atar 
i:uls 40 d^. of the qundrant, nietl of the meriilum, the indei will haxe 
passed ovtrr 20 hours ; consequently, the star hns 40 deg. of altitude 
woM of the meridian, SO hours from noon, or at eight o'clock in the 
morning. Its aiimulh will be GS^ deg. from the south toHnrds the 

3. At London, on the 1st of September, the altitude of 
Benetnach in Ursa Major, marked «, was observed to be 
36 degrees above the horizon, and west of the meridian ; 
what hour was it, and what was the star's azimuth? 

4. On the 21st of December the altitude of Siriua, when 
weet of the meridian at London, was observed to be 8 deg. 
^ove the horizon ; what hour was it, and what was the 
star's azimuth ? 

5. On the 12th of August, Menkar in the ^Vllale's jaw, 
miirked a, was observed to be S7 deg. above the horizon 
of London, and eastward of the meridian; what hour was 

' it, and what was the star's azimuth ? 

Ubestlo 

use for some time before Uie 
ncridian, and after it hat poned it, Uw attitudu. 



PROBLEMS FEBFOKMZD BY 



Pkoblkm LXXXVI. 



Given the latitude of a place, day of the month, andhonrof 
the day, tojind the allitude of any star, and its oriniKM. 

RcLE. Elevate the pole so many degrees above tlie 
horizon as are equal to the latitude of the place, and screw 
the quadrant of altitude upon the brasB meridian over that 
latitude; find the sun's place in the ecliptic, bring it to 
the brass meridian, and set the index of the hour-circle 
to 12 J then, if the given time be before noon ; turn the 
^obe eastward on its axis till the index has passed over 
as many hours as the time wants of noon ; if the tinie 
be past noon, turn the globe westward till the index bat ' 
passed over as many hours as the time is past noon: let 
the globe rest in this position, and move the quadrant of 
altitude till its graduated edge coincides with the centte 
of the given star ; the degrees on the quadrant, from tht 
horizon to the star, will be the altitude ; and the distance 
from the north or south point of the horizon to the qua- 
drant, comited on the horizon, will be the azimuth frwi 
tlie north or south. 

Examples, 1. What are the altitude and azimnthof 
Capella, at Kome, when it is five o'clock in the morning 
on the second of December? 

Ananer. Tliealtitude is 4J deg. SSmin. and the aximuth 60 lieg. 
50 m]n> froin tho north towards the vesL 

2. Required the altitude and azimuth of Altair in 
Aquila on the 6th of October, at nine o'clock in the 
evening, at London? 

3. On what point of the compass does the star Aide- 
baran bear at the Cape of Good Hope, on the fifth of 
March, at a quarter past eight o'clock in the evening ; and 
what is its altitude ? 

4. Required the altitude and azimuth of Acyone in the 
Pleiades marked n, on the Slst of December, at fiw 
o'clock in the morning at London ? 
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Problem LXXXVII. ^H 

Given the latitude of the place, dai/ of the month, ^[ 
azimuth of a star, tojind the hour nfthe night and the 
liar's altitude. 

Rule. Elevate the pole so many degrees above the 
horizon as areeijual to the latitude of the place, and screw 
the (]uHilrant of altitude upon the brass meridian over that 
latitude ; find the sun's place in the ecliptic, bring it to 
the brass meridian, and set the index of the hour-circle 
to 12; bring the lower end of the quadrant of altitude to 
coincide with the given azimuth on the horizon, and hold 
it in that position; turn the globe westward till the given 
star comes to the graduated edge of the quadrant, and the 
hours passed over by the index will be the time from 
noon ; the degrees on the quadrant, reckoning from the 
horizon to the star, will be the altitude. 

Ekamples. I. At London, on the 2Sth of Decem- 
ber, the azimuth of Deneb in the Lion's tail marked 0, 
was 62i deg. from the south towards the west ; what hour 
was it, and what was the star's altitude? 

AmuvT. By turning the globe vru-.tward on [is axiii, the index 
will paai over SO hours before ihc star inlenects the quiulnnt; thero- 
ioiv the time will be 30 hours Irom noon, or eight o'clock in tba 
morning ; and the lUr's altitude will bt' 40 deg. 

2. At London, on the 5th of May, the azimuth of 
Cor Leonis, or Regulus, marked a, was 74 deg. from the 
«outh towards the west ; required the star's altitude, and 
the hour of the night? 

3. On the 8th of October, the azimuth of the star 
marked 0, in the shoidder of Auriga, was 50 deg. from tha 
north towards the east ; required its altitude at Londoir, 

_ ftnd the hour of the night? 

4. On the tenth of September, the azimuth of the star 
marked t, in the Dolphin, was 20 deg. from the south to- 
ward* the cost 1 required its altitude at London, and the 
hour of the night ? 
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Problem LXXXVIH. 

Two stars being giveriy the one on the meridian^ and the 
\ other on the east or west part of the horizon^ to JM 
the latitude of the place. 

Rule. Bring the star which was observed to be on 
the meridian, to the brass meridian ; keep the globe from 
turning on its axis, and elevate or depress the pole tiO 
the other star comes to the eastern or western part oithe 
}iorizon ; then the degrees from the elevated pole to the 
horison will be the latitude. 

Examples. 1. When the two pointers* of the Great 
Bear, marked « and /?, or Dubhe and fi, were on the me- 
ridian, I observed Vega in Lyra to be rising ; required the 
latitude ? 

Answer, 27 deg. nortibu 

2. When Arcturus in Bootes .was on the meridian, 
Altair in the Eagle was rising ; required the latitude ? 

S. When the star marked fi in Gemini was <m the me- 
ridian, fi in the shoulder of Andromeda was setting ; re* 
quired the latitude ? 

4. In what latitude are a and /3, or Sirius and /S in Cani^ 
Major rising, when Algenib, or a, in Perseus, is on the 
meridian ? • 



Problem LXXXIX. 

The latitude of the place, the day of the month y and two 
stars that have the same azimuth f, being given^ toini 
. the hour of the night. 

Rule. Elevate the pole so many degrees above tk 
liorizon as are equal to the latitude of the place, ani 

screw 



• These two stars are called the pointers, because a line dnwi 

thl'ough them, points to the pdar star in Ursa Minor. ^See page 1» 

f To find what stars have the same azimuth. — Let a smooth rect- 

angular board of about a foot in. breadth, and three feet high (or of 

.^ any 



\ 
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screw the quadrant of altitude upon the brass mcridiaa 
over that latitude ; find the iun'a place iu the ecliptic, 
bring it to the brass meridian, and set the index of the 
hour circle to 12; turn the globe on its axis from east to 
west till the two given stars coincide with the graduated 
edge of the quadrant of altitude ; the hours passed over 
by the index will shew the time from noon ; and the 
common azimuth of the two stars will be found on the 
horizon. 

Examples. 1. At wbat hour, at London, on the 
first of May, will Altalr in tJie Eagle, and Vega in the 
Hm>, have the same azimuth, and what will that azi- 
muth be ? 

Anaaer, B; bringing the sun'^ place to the meridian, &e. and turn- 
ing the globe westward, tlie index, vill pass over 15 liuura before tbe 
stars comcidc with Che quadrant; lieni;e they will have the same azi- 
mutli at 15 bnurs frum noun, or M tiiiee o'clwk in the morning ; and 
the sumuth will be 4S^ deg. from (he south towards the enat. 

2. On the 10th of September, what is the hour at 
Iiondon, when Deneb in Cygmis, and Markab in F^aBUS, 
have the same azimuth, and what is the azimuth ? 

3. At what hour on the 15th of April will Arcturusand 
Spica Vii^inis have the same azimuth at London, and 
what will that azimuth be ? 

4. On tlie 20th of February, wliat is the hour at Edin- 
burgh when Capella and the Heiades have the same aai- 
routh, and what is the azimuth ? 

5. On the 21st of December, what is the hour at Dub- 
lin when X or Algenib in Ferseus, and 8 in the Bull's 
Horn, have the same azimuth, and what is the azimuth? 



■ny height jou please), be fined perpendiculflrly upon a stand ; draw 
• nrai|^ fine Ihruugta the middle of the board, paiallei to the ndes : 
fix A |jId m the upper port of Ihia tine, pxid make a bole in the board 
at the lower part of the line ; hang a iliread with n plummet fixed to 
h upon the pin, and let the ball of Iba plummet mace freely in the 
bole made in the lower part of the board : set tliis board upon a taUe 
ia ■ window, or in lliu i^mi air, ami wait till the plummet toisea to 
vibralv ; tl>en look along the face of ibc board, and tlio^ie stars wliidi 
arc partly hid ftora your view by the thread, will liave the sime B»i- 



PROBLEMS 



Problem XC. 

The latilude of the place, the day of the month, and tmi 
stars that have the same altitude, teiitg given, tojind the 
hour of the night. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place, and 
screw the quadrant of altitude upon the brass meridian 
over that latitude; find the sun's place in the ecliptic, 
bring il to the brass meridian, and set the index ot the 
bour circle to 12 ; turn the globe on its axis from east to 
west till the two given stars coincide with the given alti- 
tude on the graduated edge of the quadrant ; the hours 
passed over by the index will be the time from noonvriieu 
the two stars have that altitude. 

Examples. 1. At what hour at London, on the 
second of September, will Markab in Pegasus, and • io 
the head of Andromeda, have each 30 deg. of altitude? 

jintwei. At n quarter past eight in the eyening. > 

' 2. At what hour at London, on the fifth of Jonairr, 
■will a, Menkar, in the Whale's jaw, and « Aldebaiaa m 
Taurus, have each 35 deg. of altitude ? 

3. At what hour at Edinburgh, on the 10th of No- 
vember, will a, Altair in the body of the Eaele, and f, In 
the tail of the Eagle, have each 35 deg. of dtitude ? 

4. At what hour at Dublin, on the fifteenth of Mar, 
will n, Benetnach in the Great Bear's tail, and y, in the 
shoulder of BoiJtes, have each 56 deg. of altitude? 

Problem XCL 

The altitudes of iivo stars having the same aeimuih, and 
that asimulh being given, to Jind the latitude of the place. 
Rule. Place the graduated edge of the quadrant of 
altitude over the two stars, so that each star'may be ex- 
actly under its given altitude on the quadrant ; hold the 
quadrant in this position, and elevate or depress the pole 
till the division marked o, on the lower end of the qua- 
drant, coincides w\lh Ae given azimuth on the horizon ; 
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when tliia U effected, the elevation of the pole will be the 
latitude. 

Examples. 1. The altitude of Arcturus was observed 
to be 40 deg., and that of Cor Caroli 68 deg. ; their com- 
mon Bzimuth at the same time was 71 deg. from the south 
towards the east; required the latitude? 

Anniier. SI i deg. nonh. 

2. The altitude of t in Castor was observed to be 40 
deg., and that of ^ in Procyon 20 deg. ; their common 
azimuth at the same time was 73^ deg. from the south 
towards the east ; required the latitude ? 

3. The altitude of =, Dubhe, was observed to be 
40 deg., and that of y in the back of the Great Bear 
29i deg., their common azimuth at the same time was 
30 dea. from the north towards the east ; required the 
latitude? 

4. The altitude of Vega, or « in Lyra, was observed 
to be 70 deg., and that of a. in the head of Hercules 
39j deg., their common azimuth at the same time was 
60 deg. from the south towards the west ; required the 
latitude ? 



Problem XCII. 

The day of the month being given, and the hour vihen any 
knoiati star rises or sets, tojind the latitude of the place. 

Rule. Find th"fe sun's place in the ecliptic, bring if 
to the brass meridian, and set the index of the hour circle 
to 12; then, if the given time be before noon, turn the 
globe eastward till the index has passed over as many 
hours as the time wants of noon j but, if the given time 
be past noon, turn the globe westward till the index ha» 
passed over as many hours as the time is past noon ; ele- 
vate or depress the pole till the centre of the given star 
coincides with the horizon ; ihen the elevation of the pole 
will shew the latitude. 

Examples. 1. In what latitude does i, Mirach, in 
Bootes, rise at half past twelve o'clock at night, on the 
tenth of December? 

Jnmtr. Sli dag. nortb. 
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2. In what latitude does Cor Leonis, or Regalus, rise 
at ten o'clock at night, on the twenty-first of January? 

3. In what latitude does $, Rigel in Orion, set At four 
o'clock in the morning, on the twenty-firet of December? 

4c. In what latitude does S, Capricomus, eet at eleven 
o'clock at night, on the tenth of October? 



Problem XCUI. 

To find on what day of the year any given slar passes tht 
meridian at any given hour. 

Rule. Bring the given star to the brass meridian, 
and set the index to 12; then, if the given time be before 
noon*, turn the globe westward tilt the index has passed 
over as many hours as tlie time wants of noon ; but, if 
the given time be past noon, turn the globe eastward till 
the mdes has passed over as many hours as the time is 
past noon, observe that degree of the ecliptic whicfe is 
intersected by the graduated edge of the brass meridiai), 
and the day of the month answering thereto, on tbe ho- 
rizon, will be the day required. 

Examples. 1, On what day of the month does Pro- 
cyon come to the meridian of London at three o'clock in 
the morning ? 

Amwer. Here the time is nine liours before noon ; the globe miat 
therefore be turned nine hours towards the west, the paiiit of S« 
ecliptic intersected by the bnsa meridian will then be the nimtli of f, 
anaweriag nearly to the first of December. 

2. On what day of the month, and in what naonth does 
a, Alderamin, in Cepheus, come to the meridian of Edin- 
burgh at ten o'clock at night P 

Aiaiuer. Here the time is ten hours after noon ; the globe must 
therefore be turned ten hours towardi the east, the poiiit of llM 
ecliptic intersected by the bras meridian will ihni be the ITth </ ig, 
omweriag to the ninth of September. 



* If the given star comes to Ibe meridian at noon, the sun's plwc 

will be found under the brasii meridian, without turning the globe; if 

(fie given star comes xa the meridian at midnight, the globe may tie 

turned either cmitwud oi weitl'wud tiU the index has passed ottr 

twfjra iiours. 
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3. On what day of the month, and in what month does 
B, Dencb in the Lion's tail, come to the meridian of Dub- 
liii Bt aine o'clock at night? 

♦. Od what day of the montli, and in ivhat month does 
Arcturus in Bootes come to the meridian of Londoa 

5. On what day of the month, and in what month, 
does % in the Great Bear come to the meridian of London 
&t midnight? 

6. On what day of the month, and in what month, does 
Aldebaran come to the meridian of Philadelphia at five 
o'clock in the morning at London? ^h 



Paoblem XCIV. ,^^| 

The day of the tnonlh being given, to find at what hour any 
given star comes to the meridian. * 

Rule. Find the sun's place in the ecliptic, bring it to - 
the brass meridian, and set the index of the hour circle 
to 12; turn the globe westward on its axis till the given 
st^ comes to the brass meridian, and the hours passed 
over by the index will be the time from noon when the 
ittar ctdminatee. 

Or, without the globe. 

Subtract the right ascension of the sun for the givea 
day from the right ascension of the star, and the re- 
mainder will bu the time of the star's culminating nearly, ^ 
— If the Bun'fl right ascension exceed the star's, add 24i 
hours to the star's before you subtract. 

Examples. L At wlial hour does Cor Leonis, or 
Regulus, come to the meridian of London on the twenty- 
third of September? 

AnivXT. 'rhe iiuUi HiU pius over 31^ haan; Ikiicc this star cul- 
minalM or comes lo the meridian 21 J lioura alini nooii, or at threa 
ijUMten pait nine o'clock in the morning. 



• TM* problmi is comprehended rn Fnbletn LXXL 
+ Viita Keith'i TiiHonomMiy, /ourtA odilian, e- *1^- 
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S. At what hour does Arcturus come to the meridian 
oCLondoa on the ninth of February ? 

Answer. Tlie index «ill pasi over IGi hours; licnre Arctiuw 
culminatn IG^ hours after noon, or at liair paM four o'clock in the 
moming. 

S. Bequired the hours at whlcli the following stars 
come to the meridian of London on the respective days 
annexed : 

Bellatrix, January 9th. Ij ff Mirach, October 5th. 

Menkar, May 18th. Aldebaran, Feb. 12th. 

I Draco, Sept. 22d. /S Aries, November 5th. 

a Dubhe, Dec. 20th. II i Taurus, January 2*th. 

i. At what time will Sirius come to the meridian of 
Greenwich on the 18th of December 1822, hia right as- 
cension being 99° 19" 29', and the sun's right ascensioD 
265° 43' 39" .-' 



Problem XCV. 



Given the a:in 



luth ofa known star, the latitude, and the hour, 
to Jind the stars altitude and the day of Ike month. 

Rhle. Elevate the pole so many degrees above the 
liorizon as are equal to the latitude of the given place, 
screw the quadrant of altitude upon the brass meridian 
over that latitude, bring the division marked o on the 
lower end of the quadrant to the given aKimuth on the 
horizon, turn the globe till the star coincides with the 
graduated edge of the quadrant, and set the index uf the 
hour circle to 12; then, if the given time be before noon, 
turn the globe westward till the index lias passed over as 
many hours as the time wants of noon ; if the given time 
be past noon, turn the globe eastward till the index has 
passed over as many hours as the time is past noon ; ob- 
serve that degree of the ecliptic which is intersected by 
the graduated edge of the brass meridian, and the day of 
the month answcrmg thereto, on the horizon, will be the 
day required. 

Examples. I. At London, at ten o'clock at night, 
the azimuth of Spica Virginis was observed to be 40 aeg. 
from the south towards the west; required its altitude, 
dad ^e day of the month? 
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Anmer. The stir's altitude is 50 deg. and 
June. The dine being ten hour? past ddod, (1i< 
ten Iiours towardii tbe east. 

, 2. At London, at four o'clock in the morning, the 
azimuth of Arcturua was 70 deg. from the south towards 
the west ; required its altitude, and the day of the 
month ? 

j<juiuer. Here the lime wants eight hours of noon, tlierefora tlii; 
globe muU be turned eight hours westward ; the altitude of tbe star 
will be found to bo 40 deg., and the day tbe IStb of April. 

S. At Edinburgh, at eleven o'clock at night, the azi- 
muth of a Serpentariufl, or Ras Alhagus, was 60 deg. 
rroin the south towards the east; required its altitude, 
and the day of the month? 

4. At Dublin, at two o'clock io the morning, the azi- 
muth of S Pegasus, or Scheat, was 70 deg. from the north 
towards Uie east ; required its altitude, and the day of the 
month ? 



Phoblem XCVI. 

The altitudes nftixo stars bein« given, la find the latitude 
of the place. 



RuLB. Subtract each star's altitude from 90 degrees ; 
take successively the extent of the number of degrees, 
contained in each of the remainders, from the equinoctial, 
witli a pair uf compasses; with the compasses thus ex- 
tended, place one foot successively in the centre of each 



a pair uf compasses; with the compasses t 

■d, place one foot successively in the centre 

star, and describe arcs on the globe with a black h 



pencil ; these arcs will cross each other in the zenith ; bring 
the point of intersection to that part of the brass meridian 
which is numbered from the equinoctial towards the 
poles, and the degree above it will be the latitude. 

Examples. 1. At sea, in north latitude, I observed 
the altitude of Capella to be 30 deg., and that of Alde- 
baran 35 deg. i what latitude was I in? 

Aittwer. With an eitsnl of 60 deg. ( ^90''— .10') taken from the 
equinoctUI, and one foot of the compasnes in (he centre of Cnpella, 
describe an arc toward* the north; Iben with 55 deg. (»90°— 95=}, 
r, mdone l<W.o{ tocoro?»»«fc\^*ft^w»»» 



of Al^baran, describe another arc, erosnng 4lie former ; the point of 
jjotenectioB brought to Hie brass meridian will shew tiie latitude to bo 
SOj^ deg. north. 

2. The altitude of Markab in P^asus was 30 d^^ 
and that of Altiur in tibe Eagle, at the same time, was 
65 deg.; what was the latitude, supposing it to be 
north ? 

3. In north latitude the altitude of Arctarus was ob- 
served to be 60 deg.y and that of /? or Deneb, in the 
Lion's tail, at the same time> was 70 deg. ; what was the 
latitude ? 

4. In north latitude, the altitude of Brocyon was ob- 
served to be 50 deg., and that of Betelgeux in Oricm, at 
the same time, was 58 deg. ; required tlie latitude of the 
place of observation? 



Problem XCVII. 

The meridian altitude of a knoton star being giveuy at any 
place in north latitude^ to find the latitude. 

Rule. Bring the given star to that part of the brass 
meridian which is numbered from the equinoctial towards 
the poles; count the number of degrees in the given 
altitude on the brass meridian from the star towards the 
south part of the horizon, and mark where the reckoning 
ends ; elevate or depress the pole till this mark coincides 
with the south point of the horizon, and the elevation of 
the north pole above the north point of the horizon will 
shew the latitude. 

Examples. 1. In what degree of north latitude is 
the meridian altitude of Aldebaran 52^ deg. ? 

Answer, 5S^ deg. 36 min. north. 

2. In what degree of north latitude is the meridian 
altitude of By one of the pointers in Ursa Major, 
90 deg. ? 

3. In what degree of north latitude is y, in the head of 
X>raco, vertical when it culminates ? 

4. In what degree of north latitude is the meridian al- 
titude of I «r Mirach m Boo\ft&> ^ i^*^ 



Chap. It 



PnoBLEM XCVIII. 



The laiiiude of a place, day of the month, and hour ofthm 
dau beiiis given, to jEna the homagesimal degbee * 
ofthe ecliptic, its altitude and asimtiih, and the medium 

C(E[.I. 

RuLS. Elevate the north pole to the latitude of the 
given place, and screw the quadrant of altitude upon the 
brass meridian over that latitude ; find the sua's place ia 
the ecliptic, bring it to the brass meridian, and set the in- 
dex of the hour circle to 12 ; then, if the given time be 
before noon, turn the globe eastward till the index has 
passed over as many hours as the time wants of noon ; 
but, if the given time be past noon, turn the glohe west- 
ward till the index has passed over as many hours as the 
time is past noon, and fix the globe in this position ; 
count 90 deg. upon the ecliptic from the horizon (either 
eastward or westward), and mark where the reckoning 
ends, for that point of the ecliptic will be the nonage- 
sinTal degree, and the degree of the ecliptic cut by the 
brass meridian will be the medium cieli ; bring the 
graduated edge of the quadrant of altitude to comcide 
with the nonagesimal degree of the ecliptic thus found 
and the number of degrees on the quadrant, counted 
from the horizon, will be the altitude of the nonagesimal 
degree ; the azimuth will be seen on the horizon. 

ExAMPt.es. I. On the 21st of June, at forty-five 
minutes past three o'clock in tlie afternoon at London, 
required the point of the ecliptic which is the nona(iesi'> 
mal degree, its altitude and azimuth, the longitude ofthe 
medium cceli, and its altitude, Sec. 



* The nonngniiiul Oegree at the ecliptic it (hat point which is ihe 
BKki (iL'VBted iliore tbe Imrimti, anl is nuHuuTed l>y die aagls wUdi 
ttati acUptic makes wilh the hoiiton at uiy derolion of tbe pole ; or, 
it u the diilaDCe lietwi^n the zeuilh at Ihe place and the pole of the 
■diptic This angle is freqiientl)' used in the calculation of aotar 
eclipaa. The medium co'li, or mid-hcoveii, a that point of the 



321 PHOBLEMs pehpormed by Part IIL 

Auraer. The noniigesimnl degree is 10 deg. in Leo, its altitude u 
Sideg., and it* oiiniuth fls deg. from the south towards the weat, or 
nearly S. S. W. The mid-heaven, or point of the ecliptic under tbe 
brass muridian, is S4 deg. {□ Leo, and its altitude above tbe horiion 
is Sfi Aeg. Thu degree uf the equtnoctiDi cut b; (he brass meriduin. 
reckoning from Ihe point Aries, is the right a»cenwoii of the miifc 
liearm, which in this eiamplc a 14S deg. The riung pcnni of tbe 
ecliptic will be found to be 10 deg. io Scorpio, and Ihe setting p«ni 
10 deg. in Tauru!. If the graduated edge of the quadrant be biougfac 
Id coincide with die sun's place, the suu's altitude »iU be found to be 
S9 d^., and his ozimutb 78^ deg. flom the south towards the west, or 
nearly W. by S. 

S. At London on tlie 24th of April, at nine o'cloct 
in the morning ; required the point of the ecliptic which 
is the nonagcsimal degree, its altitude and azimuth, 
the point of ihe ecliptic which is the raid-heaven, &c. 
&c.? 

3. At Limerick, in 52 deg. 22 min. north latitude, on 
tile 15th of October, at live o'clock in the afternoon ; te- 

Suired the point of the ecliptic which t3 the nonngesimHl 
egree, its altitude and azimuth, the point of the ecliptic 
which is the mid-heaven, Scq. &c, ? 

i. At Dublin, in latitude 53 deg. 21 min. north, on the 
]5th of January, at two o'clock in the afternoon ; requited 
the longitude, altitude, and ozintuth, of the non ' ' 
degree ; and the longitude and altitude of the 
cceji, &c. &c.? 



PaoBLEM XCIX. 

The latitude of a place, day of the monlk and Ihe hour, 
together viilh the altitude and azimuth of a star, beiag 
given, lojind the star. 

Rule. Elevate the pole so many degrees above tlie 
horiKon as are etjual to the latitude of the place, and 
screw the quadrant of altitude on the brass meridian 
over that latitude ; find the sun's place in the ecliptic, 
bring it to the brass meridian, and set tlie index of the 
hour circle to 12; then, if the given time be before 
noou, turn the globe eastward till the index has passed 
over as many hours as the time wants of noon ; but, if 
the time be past noon, luta 0\e ^\obe westward till the 
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index haB passed over as many hours as the time is past 
noon : let the globe rest in this position, and bring the 
division marked O on the (juadrant to the given azimuth 
on the horizon ; then, immediately under the given alti- 
tude on the graduated edge of the quadrant, you will 
find tlie star. 

Examples. 1. At London, on the 21st of December, 
at four o'clock in the morning, the altitude of a star was 
50 deg., and its azimuth was 37 deg. from the south to- 
wards the east; requited the name of the star? 

Amwer. Ueneb, or $ in the Lion's tail. 

2. The altitude of a star was 27 deg., its azimuth 76i 
deg, from the south towards the west, at eleven o'clock 
in the evening at London, on the llth of May; what 
star was it ? 

3. At London, on the 21st of December, at four 
o'clock in the morning, the altitude of a star was 8 deg., 
and its azimuth 51 deg. from the south towards the west ; 
required the name of the star? 

4. At Loudon, on the 1st of September, at nine o'clock 
in the evening, the altitude of a star was 4'7 deg., and its 
azimuth 73 deg. from the soutli towards the east ; required 
'■'""" inje of the star ? 



: then ai 



C. 



To^find the time of the moon's southing, or coming to the 

vieridian of any place, on any given day of the month. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the giren place ; 
find the moon's latitude and longitude, or her right 
ascension and declination, from an ephemeris, and mark 
her place on the globe ; bring the sun's place to the brass 
meridian, and set the index of the hour circle to 12; turn 
the globe westward till the moon's place comes to the 
meridian, and the hours passed over by the index will 
shew ihe time frwn noon when the moon will be upon the 
meridian. 



S2S PKOBLBM8 PERVORMED BT JPart UL 

Ob, without the globe. 

Find the moon's a^ by the table, at pace 181, which 
multiply by 81 *y and cut off two figures &om the right 
hand of the product, the left hand figures will be the 
hours; the right hand figures must be multiplied by 60, 
for mmutes. 

Or, correctly, thus: 

Take the difference between the sun's and moon's r^t 
ascension in 24* hours ; then, as 24« hours diminished by 
this difference is to 24 hours, so is the moon's right as- 
cension at noon, dimim'shed by the sun's, to the time of 
the moon's transit. 

Examples. 1. At what hour, on the 10th of April 
1 822, will the moon pass over liie meridian of Greenwich ? 
The moon's right ascension at midnight being 249 d^. 
4 min., and her declination 26 deg. 44 min. south. 

Antwer, By the Globes — The moon comes to the mCTiifgan at a 
qoarter past three in the morning f* 

By the Table, page 181» — The moon's age is 19 ; this multiplied by 
81 produces 1539) that is 15 hours and 39 over; this 39, multiplied 
by 60, produces 2340, which by rejecting the two right hand figures, 
leaves 23 minutes ; so that, by this method, the moon comes to the 
meridian at 23 minutes past 3 o'clock in the morning. 

By using the Nautical Almanac* 

Sun's right ascension at noon 10th April = 1 h. 14' 0".2 
Ditto ... - 11th April = 1 17 10.2 

Increase of motion in 24 hours - 3 10 



Moon's right ascension at noon lOth April = 240° S3' 
Ditto - - - - 11th April = 253 41 



Increase in 24 hours .... 13 8 equal 



* For, the synodic revolution of the moon being about 29§ daya^ we 
have, by the rule of three, as 29^d, : 24h. : : 1 d. : 81 h. 

•(• The time of the moon's rismg and setting may be found as for 
a star or a planet, see Problem LXXI ; but, on account of the moon's 
swift and irregular motion, the solution will differ materially from the 
tmtiu 
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to Sa' 32" ; hencB 5Sf 3S" diminished by 5' lo", leaves 4S' 22" the 

moorx'* motioiL exceeds the sun's in 24 boura. 

M««i'sright«sccosionS40°33'>4 = » ISb. 3" 13" 
Sun's right astension - - = I 14 0,2 

14 48 11,8 

a4h. — 99' 23" ; 24h. : : Hh. 48' 1 
niooD*K passage over tlie meridlim h: 
(he Niuttcal Almaniic. 

2. At what hour, on the 5th of January 1822, will the 
moon pass over the meridian of Greenn-ich ? The moon's 
right ascenEJon at noon being 73 deg. 51 min., and de- 
choation 27 deg. 31 min, north. 

S. At what hour, on the 12th of March 1822, will the 
moon pass over the meridian of Greenwich ? The moon's 
right ascension at midnight being 22a deg. 26 min. and 
declination 22 deg. S6 min. south. 

4. At what hour, on the 17th of October 1822, will 
the moon pass over the meridian of Greenwich ? The 
moon's right ascension at noon being 227 deg. 4 min,, 
and declination 22 deg. 48 min. south. 

Problem CL 
The day of the month, latitude of the place, and time of high 
•water at thejult and change of the moon being given, to 
jind the time of high mater on Che given day. 
Hitle. Find the time at which the moon conies to tJie 
meridian of the given place by the preceding problem, to 
which add the time i^ high water at the given place at 
the full and change of the moon (taken from the follow- 
ing Table), and the gum will shew the time of high water 
in the afternoon. If the sura exceed 12 hours, subtract 
12 hours and 24 minutes from it, and the remainder will 
£hew the time of high water in the morning; but if the 
mm exceed 24 hours, subtract 24 honrs and 48 miimteH 
from it, and the remainder will shew the time of high 
water in the aflernoon. 




! PERFORMED BY I*art HI. 

Ob, by the table, page 181. 

Find the moon's age by the Table, at page 181, and 
take out the time from the right hand coliimu thereof, 
answering to the moon's age ; to which add the time 
of high water at the full and change of the moon, 
(taken from the following Table), and the sum will 
Hhew the time of high water in the afternoon. If the 
sum exceed 12 hours, subtract 18 hours and 24 minutes 
from it, and the remainder will shew the time of high 
water in the morning; but, if the sum exceed 24 hours, 
subtract 24 hours and 48 minutes from it, and the 
remmnder will shew the time of high water in the after- 
noon. 

Oh thus: 

Find the time of the moon's coming to the meridian of 
Greenwich on the given day, at page VI, of the Nautical 
Almanac ; take out the correction (from tbe following 
Table) to correspond to this time, and apply it as the 
Table directs ; to the result add the time of high water at 
the full and change of the moon |taken from the following 
Table), and the sum will shew the time of high water in 
the afternoon. If the sum exceed 12 or 24 hours, pro- 
ceed as above. 

Examples. 1. Required the time of high water at 
I^ndon Bridge on the 5th of April 1822? The moon's 
right ascension at that time being 187 deg, 28 min,, and 
her declination 7 deg. 12 min. south. 

Jnni-er. By !'ie Gfofe—ITie moon comes lo the mEridian at llh, aff 
Time of high water at the full nud change at London - 3 

Sum - - I* 80 

Subtract from it 12 SI 



S^ the Table page I H I . Tlie moon's age ia 

to which, in tllc same Table, is 
Time of high water at the full and change 
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By the Nautical jUmanac. — The moon came to [li 

The time from the righl-hand Table following, ann 
to 11 hDun, ia . . . - 



Time of high n-aler in (lie morning * 



. water at Hull on the 
Dot.''8 right ascension at niid- 
1. and her dechoation 17 deg. 



I. Keqmred 
25th of May 1822? The n 
night being 135 deg. 15 mi 
36 min. north. 

3. Required the time of high water at Liverpool on 
the 22d of June 1822? Tlie moon's right osceneion 
at midnight being 143 deg. 26 min., and her declination 
H deg. 6 min. north. 

4. Required the time of high water at Limerick on 
the 19th of August 1822? The moon's right ascension at 
noon being 176 deg. 7 min.j and her declination 2 deg. 
6 min. south. 

5. Required the time of high water at Bristol on tlie 
9th of September 1822? The moon's right i 
at midnight being 98 deg. 45 r ' 
26 deg. 27 min. north. 

6. Required the time of higl 
12th of October 1822? The n 
midnight being 174 deg. II n 
1 deg. S min. south. 



in., and her declination 

water at Dublin on the 

Don's right ascension at 
n., and her declination 



booki on pilotage and navigation. 



methoiLi it as i»>rrcct na lliose wbidi are gtvun in 
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A TABLE 

Of the Time of High WHter at New and Full Mook 

Bt the principal Places in the British Islands. 


11 

If 
It 

i 

1 


1^ 

i b 

h 
n 


Aberdeen Oh 45' 

Ayr 10 30 

SL Andrew's 9 

Amn Island 11 






N. and S. Foreland 10 ao 
Fortrose 11 40 






Bearhy lU-ad 10 

a. Bees Head 10 45 

Bel&st lO 


Fort George 11 40 


Greenock. ._ 11 30 

Hanland Point .... 4 30 


1 

2 

4 
S 

7 


Sub. 

3 1 

34 
50 

u 


North Berwick 2 

St. BHde'EBay.... 6 
BridUnEtonBay... 3 50 

Bridport 6 45 

Brighton 9 50 

Bristol e 40 

Caithness Point. ... 9 
Cantire, Mull, 10 30 


Holyhead 9 45 

HuU 6 O 

Kinaale 5 15 

Ldtb S SO 

Limerick 4 30 

Liverpool 11 IS 

London 3 


9 

1 9 
10 

n 


Add 

EJ 

3 34 

3 J4 
3 C 




NewtaWle 3 15 




Cromer 7 


Plymoulh 6 

Port Glasgow 11 30 

Portland 7 SO 

Ramsgate 10 30 

Rochester ..„ 45 

Sandwich 11 30 

Scarborough 3 45 




15 

is 
19 

=o 

SI 

23 


Sub, 

D a-t 

) 5C 
1 3 
1 9 
I S 

a 35 

Add. 

2I 


Dingle Bay 3 30 








Stockton 3 30 

Swansea 6 




Eddystona 5 30 


T^"."....::;:::::: s is 

WeyJouth 7 20 

Whitby 3 ao 


E»eter 10 30 

Eimoulh Bar 6 90 


Yarmouth 9 
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To detcribe the apparent palk of any planet, ar of a eoi 
amongst the jixed stars, Sfc. 

Rule. Draw a straight line o, o, to represent the eclip- 
tic, and divide it into any convenient number of equal 
parts. Set oS eight of those equal parte northward and 
southward of the ecliptic, at each end thereof; and draw 
lines as in the figure Plate V, these will repreaenl the 
zodiac. Find the planet's geocentric latitude and longi- 
tude in an ephemeris, or in the Kautical Almanac, and 
mark its place for every month, or fur aereral days 
in each month, beginning at the right hand of the ecliptic 
line, and proceeding towards the let\.* 

Find the latitudes and longiludes -|- of the principal 
stars in the several constellations near which the planet 
posses, and set them off in a similar manner from the 
right hand towards the left ; you will thus have a com- 
plete picture of any part of the heavens, with the posi- 
tions of the several stars, &q. as they appear to a spectator 
on the earth. 

Example. Delineate the path of the planet Jupiter 
for the year 1811 ; ttie latitudes and longitudes being as 
follow, t 



* The young sludetil will recollect, tliM Ibe atorsappear in a con- 
truy order in (lie htayens to what tlicy do on the sLrfuce of a glob& 
In Ihe ImieiH wc see the concave part, on the glohe the coovei, 
ThiH muillvr of delinoatiiig the Oais will be round cilreniely uwful, 
and will enable the Btudent to know their names sod places sooner 
than b; the globe. 

f llic placen of the stars may Hewise be laid down by Iheir right 
ajBcensLoos and dectinationa, by drawing a portion oT the cquinoctiai 
inttead of the fcHptic. 

\ As Jupiter perfbrraa hit levolotion round (he sun in II years 
SIS dajn («e page 159), he frill have nearly the same longiCude in 
the yean 1K93 and IH3j, conBeqiicDIly he will pass through the bame 
coDiletUtioiu H are delineated in Plate V. 



an 
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Longitudes. Lolitudet. 

July 25th 2^5" 1' 0=2+'S. 

Aug. 7th 2 27 36 23 S. 

19lJi 229 48 022S. 

25th 3 48 22S. 

Sept. 7th 3 2 4S 21 S. 

25th 3 4 50 21 S. 

Oct. 7th 3 5 44 20& 

25th 3 6 15 19S. 

Nov-. 1st 3 6 10 18S. 

19th 3 5 12 17S. 

2.5lh 3 4 40 16S. 

Dec. 13th 3 2 34 14S. 
25th 3 57 012S. 



Longitudes. Latiliides. { 

Jan. iHt 1*21°45' 0°57'S. 

Feb. 7th 1 22 11 47 S. 

. 25th 1 23 58 43 S. 

March 1st 1 24 29 42 S. 

25th 128 16 37S. 

Aprn iBt 1 29 35 36 S. 

25th 2 4 30 32 S. 

May 1st 2 5 4^9 31 S. 

13th 2 8 3^ 30S. 

25th 2 11 17 29S. 

June 1st 2 12 54 28 S. 

25th 218 27 26S. 

July 7tli 2 21 49 25 S. 

Jupiter's path, when delineated, will be south of the 
ecliptic in the order A, B, C, D, E, F, G, H. Thus, 
he will appear at A on the 1st of January, at B on the 
lat of March, at C on the 1st of April, at D on the Ist 
■of May, at E on the 1st of June, at F on the 7th of 
July, at G on the 25th of August, and at H on the 2Sth 
of October, On the 25th of August, when Jupiter ap- 
pears at G, he will be a little to the right baud of the star 
marked n in Gemini ; when he arrivei at H, which will 
n the 25th of October, he will apparently return 
a to G, a small matter above his former path, where 
he will he situated on the 25th of December. Jupiter 
will not be visible during the •whole of his apparent pro- 
gress from A to H, being too near to the sun during the 
months of May and June. 

In the same manner the places and situations of the 
stars may be delineated ; thus Aldebaran, the principal 
star in the Hyades, will be found by the globe, (or a 
proper table) to be situated in 7° of H and in Sj* of 
Bouth latitude; Betelgeux in Orion's right shoulder, 
in about 26° of n and in J6° of south latitude, and its 
place may be laid down on a map by extending the line 
of its longitude, as from L, till it meets a straight line 
pasiing through 16, 16, on the sides of the map. In 
the same manner any other star's situation may be de- 
scribed ; 
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scribed ; tliua the Hyadee will appear al Q, tlie Pleiades 
at F, &Q. and Bellatrix, &c. as in the figure. 

The constellation Orion, here described, is a very 
conspicuous object in the heavens in the months of 
January and February, about 9 or 10 o'clock in the 
evening, and will be an excellent guide for determioing 
the positions of several other constellations, particularly 
Cams Major, CanJs Minor, Auriga, &c. Seepage 125. 
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. A promisatous Collection of Examples exei-chmg the 
Problems on the Globes. — 2. A Collection of Questions, 
with Rtfereners to the Pages inhere the answers will be 

Jbund; designed as an Assistant to the Tutor in the 
Examination of the Scholar. 



A promiscuoui Collection of Examples exercising the 
Problems on the Globes. 

1. What day of the year is of the same length as the 
14th of August? 

2. How many miles makes a degree of longitude in the 
latitude of Lisbon ? 

3. At what hour is the sun due east at London on the 
5lh of May ? 

4. There is a place in the parallel of 31 deg. of north 
latitude, which is 31 deg. distant from London; what 
place is it ? 

5. If the sun's meridian altitude at London be 30 deg.; 
what day of the month, and what month is it ? 
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6. On what month and day is the sun's meridian alti- 
tude at Paris equal to the latitude of Paris ? 

7. When y Draconis is vertical to the inhabitants of 
l,ondon at 10 o'clock at night ; what day of the moMh, 
and what month is it i* 

8. What is the equation of time dependent on (be iHh 
liquity of tJie ecliptic on the 14th of July ? 

9. I observed uie pointers in the Great Bear, on the 
meridian of London, at eleven o'clock at night; in what 
month and on what night did this happen ? 

10. On what d^ of ihe month, and in what month, 
will the shadow of a cane placed perpendicular to the 
horizon of London, at ten o'clock in the momiog, be 
exactly equal in length to the cane ? 

1 1. The earth goes -round the sun In 365 days 6 houci 
nearly ; how many degrees does it move in one day, st 
a medium ? Or, what is the daily apparent mean motion 
of the sun? 

12. The moon goes once round her oFbit, from the 
first point of the sign Aries to the same again, in 27 days 
7 hours 43 minutes 5 seconds ; wliat is her mean motiou 
in one day ? 

13. The moon turns round her axis, from the sun to 
the sun again, in 29 days 12 hours 44 minutes 3 seconds, 
which is exactly the time that she takes to go round her 
orbit from new moon to new moon ; at what rate per hour 
are the inhabitants (if any) of her equatorial parts car- 
ried by this rotation ? The moon's diameter being 21tt 

14. How many degrees does the motion of the moon 
-exceed the apparent motion of the sun in 24 hours? 

15. Find on what day, in any given month, themoonic 
eight days old, and then find her longitude for that day. 

16. Travelling in an unknown latitude 1 found, in 
chance, an old horizontal dial ; the hour-Unes of which 
were so defaced by time that I could only discover thoR 
of IV and V, and found tlieir distance to be exactly 21 
degrees ; pray what latrtade was the dial made for ? 

17. Required the duration of twilight at the eoali 
pole? 

18. Ho» 
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18. How far must an inhabitant of London travel 
southward to lose Sight of Aldebaran? 

19. What is the elevation of the north polar star above 
the horizon of Calcutta ? 

20. Lord Nelson beat the French fleet near latitude 
31 deg. 1 1 min. north, longitude 30 deg. 22 min. east ; 
point out the place on the globe? 

21. What is the sun's altitude at three o'clock in the 
afternoon at Philadelphia on the 7th of May ? 

22. What is the length of the day at London on the 
26th of July, and how many degrees must the sun's de- 
clination be diminished to make the day an hour shorter? 

23. At what hour does the sun first make his appear- 
ance at Petersburg on the 4th of June? 

24. At what rate per hour are the inhabitants of 
Botany Bay carried froni west to east by the rotation oi 
the earth on its axis ? 

25. Wlien Arctutus is 30 deg. above the horizon of 
London, and eastward of the meridian, on the 5th of 
Kovember, what o'clock is it ? 

26. Describe an horizontal dial for the latitude of 
■Washington ? 

27* Describe a vertical dial facing the south, for the 
latitude of Edinburgh ? 

28. What is the moon's greatest altitude to the inhabit- 
ants of Dublin ? 

29- What is the sun's greatest altitude at the southern 
extremity of Patagtmia? 

SO. At what hour at London, on the 15th of August, 
will the Pleiades be on the meridian of Philadelphia 'f 

31. If a comet, whose longitude was 4 signs 5 deg., 
and latitude 44 deg. north, appeared in Ursa Major, in 
what part of the constellation was it ? 

32. On what point of the compass does the sun set at 
Madrid, when constant twilight begins at London ? 

33. What is the difference between the duration of 
twilight at Petersburg and Calcutta, on the first ol' 
Pfebtuaiy ? 

34. How much longer is the 10th of December at 
Madras tlian at Archangel ? 

35. «A-« 
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35. How much longer is the 5tli of May at 
than at Madms? 

36. When it b two o'clock in the afternoon at Londoa, 
on the 15th of February, to what places is the sun rifiiig 
and setting, and where is it noon ? 

37. Whether does the aun sliine over the nortli or 
south pole on the 17th of April, and how far? 

38. At what liour on the 18th of April will the sun's 
altitude and azimuth, from the east towards the south, be 
each 40 deg, at London ? 

39. Which way must a ship steer from Rio Janeiro to 
the Cape of Good Hope ? 

40. Are the clocks at Philadelphia faster or slower 
than those at London, and how much ? 

4L Are the clocks at Calcutta faster or slower than 
the clocks at London, and how much ? 

42. What is the difference of latitude between Copen- 
hsgen and Venice? 

43. Tliere is a place in latitude 31 deg. 1 1 nun. north, 
situated, by an angle of position, south-east by east j east 
from London ; what place is that, and how fur is it from 
London in English miles ? 

44. On the 13th of February 1822, the longitude of 
Venus will be 11 signs 26 deg. 50 min., latitude 5 deg. 36 
min. north ; will Venus rise before or afler the sun, and 
how much ? 

45. On the 7th of September 1822, the longitude of 
Venus will be 4 signs 17 deg. 36 min., latitude Odeg. 40 
min. north ; will Venus rise before or after the sun, and 
bow much ? 

46. On the 25th of December 1822, the longitude of 
the planet Jupiter will be 1 sign 27 deg. 4>3 min., latitude 
deg. 53 min. south ; at what hour will he rise, come to 
the meridian, and set at London ? 

47. On the 7th of January 1822, the moon's longitude 
at midnight will be 3 signs 21 deg. 44 min., latitude Sdeg. 
54 min. north ; required her rising amplitude at London, 
and the hour and azimuth, when sne is SO deg. above the 

1 the 28th of Noven^r 
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lS22,'at midnight, will be 3 signs, 8 (leg. 49 min., latitude 
4 dcg. 23 min. north ; required the time of her rlsiag, 
coming to the meridian, and setting at London, and the 
time of high water at London Bridge? 

49. To what places of the earth will the moon be ver- 
tical on the 6th of February 1822, her longitude at mid- 
night being 4 signs, 27 deg. 15 min,, and latitude deg. 
II min. south? 

50. On the 1st of March 1822, the moon's ascending 
nodewillbe lOsigns, 2+ deg. 29min.; where will the de- 
scending node be ? 

51. The moon's declination at midnight, on the first 
of November 1822, will be 26 deg. 49 min. north; to 
irhat places of the earth will she be vertical ? 

52. What stars ate constantly above the horizon of 
fc Copenhagen ? 

^t 5S. I observed the altitude of Betelguex to be 19 deg. 
^^m4 that of Aldebaran 40 deg. ; they both appeared in 
Hhw same azimuth, viz. exactly east ; what latitude was 

' 54. In what latitude is Aldebaran on the meridian when 
in die Lion's tail is rising ? 

55. In what latitude is Higel setting when Regulus is 
en the meridian ? 

56- In what latitude are the pointers in the Great Bear 
en the meridian when Vega is rising ? 

57. In latitude 79 deg. north, on the Ist of February, 
rI what hour will Procyon and Regulus have the same 
altitude ? 

58. At what hour on the 10th of February will Capella 
and Procyon have the same azimuth at London? 

59. On the 10th of November at eight o'clock in the 
evening, Bellatrix in the leH shoulder of Orion was rising : 
what was the latitude of the place ? 

60. On the 16th of February, Arcturus rose at eight 
o'clock in the evening ; what was the latitude ? 

6!. At what hour of the night, on the 16th of February, 
will the altitude of Regulus be 28 de^. at London ? 

62. Required the altitude and azimuth of Markab in 
PeeacuB, at London, on the SUt of September, at nine 
o'clock in the evening? 
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63. On what day of the mooth, and in what month, w^ 
the pointers of the Great Bear be on the meridian of Lon- 
don St midnight? 

Gi. What inhabitants of the earth have the greatest 
portion of moon-Jight ? 

65. On what day of the year wil] Altair, in the £^^ 
come to the meridian of London with the sun ? 

66. In what latitude north is the length of the tongest 
Haj eleven times that of the shortest ? 

67- In what latitude south is the longest day eighteen 
hours? 

68. At what time does the morning twilight begin, and 
-what time does the evening twilight end at Philade/phJai 
on the 15th of January? 

69. When it is four o'clock in the afterooon at London, 
on the 4lb of June, where is it twilight ? 

70. Required the antipodes of Cape Horn ? 
71- Required the periieci of Philadelphia ? 

72. Required the antixci of the Sandwich islands? 

73. What is the angle of position between London and 
Jerusalem ? 

74'- Required the distance between London and Alex- 
andria! in English and in geographical rnHee ? 

75. In what latitude north does tlie sun begin to sAine 
constantly on the 10th of April ? 

76. How long does the suu shine without setting at the 
north pole ; and what is the duration of dark night ? 

77. Where is the sun vertical when it is midnigbt at 
Dublin on the 15th of July ? 

78. When it is five o'clock in the evening at Fhiladd- 
phia, where is it midnight, and where is it noon ? 

79. What places have the same hours of the day as 
Edinburgh ? 

80. yVhat places have opposite hours to the respecthm 
capitals of Europe ? 

81. At what hour at London b the sun due eact at the 
time of the equinoxes ? 

82. At what hour at London is the sun due east at Uw 
time of the solstices ? 

83. In what climates are the foUowing places situatt)^ 



(^ap. L OF EXERCISES ON THE GLOBES. 339 

viz. Philftdelphia, Madrid, Drootheim, Trincottiale. Cal- 
cutta, and Astmcan? 

Si. On what day of the year does Regulus rise helia- 
caJly at LondoD ? 

S5. On what day of the year does Betdgiiex set belia- 
cally at London ? 

8(>. What stars set acronically at London on the 24th 
of December ? 

87. What stars rise acio&icaUy at Loodon on the 12th 
of December ? 

88. Id what latitude north do the bright stars in the 
head of the Dolphin, and Altair in the Eagle, rise at die 
stune hour ? 

89. Id what latitude north do Capell a and Castor set at 
the same hour, and what is the difference of time between 
their coming to the meridian ? 

90. What stars rise cosmically at Londtm on the 7th of 
Deceaiber ? 

91. What Btars set cosmically at Londos on the lOlh 
of December ? 

92. What degrees of the ecliptic and equinoctial rise 
with Aldebaran at London i* 

93. On what ^y of the year does Arcturus come to tJie 
meridian of Londoii, ut two o'clock in the morning ? 

94. On what day of the year does Regulus come to the 
meridiaD of London, at nine o'clock in the evening ? 

95. At what time does Vega in Lyra come to the me- 
ridian of London, on the 18th of August? 

96. Trace out the galaxy or milky-way on the celestral 
globo. 

97. if the meridian altitude of the sun on the Tth of 
June be 50 deg,, and south of the observer, what is the 
latitude of the place i' 

98. ReqflLJred the sun's right and oblique ascenBion at 
London at the equinoxes P 

99. Required the snn'e right ascension, oblique ascen- 
sion, ascenstonal difference, and time of rising and setting 
ttfrLandon, on the 5th of May? 

100- If the sun's rising amplitude on the 7ih of Jobs 
' •frdec. to the uorthward of the cast, whatis the Jati- 
b^tMplftoe? 
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101. What stars have the follovring degrees of right 
ascenEionE and declinations ? 

7° 10' R.A. 29" 45' D.N. 11 162" *9' R.A. 62« 50' D.N. 
14. 38 R.A. 34 33 D.N. 244. 17 R.A. 25 58 D.S. 
13S 59 R.A. 3 10 D.N. || 238 27 R.A. 19 15 D.S. 

102. Describe an horizontal sun-dial for the latitude of I 
X^dinburgh ? | 

103. "What is the lengtli of the day on February 14 at i 
X»odon, and how much must the sun's declination de- 
crease to make the day an hour longer? 

104. What hour is it at London when it is 17 minutes 
past 4 in the evening at Jerusalem ? 

105. On the 21st of June, the sun's altitude was ob- 
served to be 46 deg. 25 min., and his azimuth 112 deg. 
S9 min. from the north towards the east, at London ; what 
was the hour of the day ? 

106. Given the sun's declination 17 deg. 2 min. north, 
and increasing ; to find the sun's longitude, right ascen- 
sion, and the angle formed between the ecliptic and tha 
meridian passing through the sun ? 

107- Given the sun's right ascension 225 deg. 18 min. 
to find his longitude, declination, and the aogle formed 
between the ecliptic and the meridian passing through 
the sun ? 

108. Given the sun's longitude 26 deg. 9 min. in a ; 
to find his declination, right ascension, and the angle 
ibrmed between the ecliptic and the meridian passing 
through the sun ? 

109. Given the sun's amplitude 39 deg. 50 min. &om 
the east towards the north, and his declination 23^ deg. 
north; to find the latitude of the place, the time of the 
fiun's rising and setting, and the length of the day and 

110. At what time, on the first of April, will Arctums I 
appear upon the 6 o'clock hour-line at London, and what 
wiU his altitude and azimuth be at that time ? 

111. Required the altitude of the sun, and the hour 
he will appear due east at London, on the 20th q£ 
May? 

112. At what hours will Arcturus appear due east Bud 
west at London, on the 2d of April, and what will its ■!• 

Jtitudebt? 
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113. At London, the sun's altitude was observed to be 
25 deg. 30 min. when on the prime vertical ; required his 
declination and the hour of the day ? 

1 H. On the 25th of April 1822, the moon 'a right ascen- 
sion at midnight will be 96 deg. IS min., and her declin- 
ation 27 deg. 1 min, north ; required her distance from 
HcguluB, Procyon, and Betelguex, at that time? 

1 15. The distance of a comet from Sirius was observed 
to be 66 deg., and from Procyon 51 deg. 6 min.; the 
comet was westward of Sirius ; required its latitude and 
longitude? 

116. Find the Golden Number, the Epact, Sunday- 
Letter, the Number of Direction, the Paschal full moon, 
and Easter day, for the years 1822, 1824', 1826, and 
1828, distinguishing the leap years. 

117. The declination of y in the head of Draco is 51 
deg. SI min. north ; to what places will it be vertical when 
it comes to their respective meridians? 

118. When it is four o'clock in the evening at London 
fiQ the 4th of May, to what places is the sun rising and 
setting, where is it noon and miduight, and to what place 
ie the sun vertical? 

U9. At what time does the sun rise and set at the 
North Cape, on the north of Lapland, on the 5th of April, 
and what is the length of the day and night? 

120. At what time does the sun rise at the Shetland 
Islands when it sets at four o'clock in the afternoon at 
Cape Horn ? 

121. Walking in Kensington Gardens on the 17th or 
May, it was twelve o'clock by the sun-diai, and wanted 
eight minutes to twelve by my watch; was my watcb 
right? 

122. If the sun set at nine o'clock, at what time does 
it rise, and what is the length of the day and night? 

123. Where is the sun vertical when it is five o'clock 
in the morning at Ixindon on the 15th of May? 

134. At what hour docs day break at London on the 
Jth of April ? 

125. II the mooa be five days old on the 22d of June 
1822, at what time does she rise, culminate, and set at 
London ? 
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126. On what day c^ the month, and in n-hat moBth, 
does the «un rise 24 tleg. to the north of tlte ea*t U 
London ? 

127- When the sun is rising to the inbabitanta of 
IiOndon on the 8Ch of May, where is it setting? 

128. When the eun is Belting to the inhabitants of 
Calcutta on the ISth of Marcli) where is it midnight? 

129. What is the difference between the circumieience 
of the earth at the equator and nA Petersburg, ia Englidi 

ISO. At what hour does the sun rise at Barbadoes wtei 
' constant twilight begins at Dublin ? 

131. When the sun ia rising at O'why'hee on the ISth 
of May, where is it noon? 

132. At what hour does the sun rise at London when 
it sets at seven o'clock at Petersburg? 

133. How high is the north polar star above the horisao 
of Quebec ? 

13^. How many English miles must an inhabitant of 
London travel southward, that the meridian altitude of 
the north polar star may be diminished 25 d^.? 

135. How many English milesniust I sail or travel west- 
ward from London tliat niy watch may be seven hoars too 
fast? 

136. What place of the earth has the eun in ihe xeiutli, 
when it is seven o'clock in the morning at Xioodon, on 
25th of April? 

137. On what day of the month, and in what tsttitll, 
is the sun's amplitude at London equal to one-third of tbe 
latitude? 

138. On what month and day is the eub'b ampUmde 
at London equal tu the latitude of Kingston id 
Jamaica ? 

139. If the moon be three days old on the eSd of Febru- 
ary 1822, what is her longitude? 

140. II' the highest point of Mont Blanche 5101yardi 
above tbe level of the sea, what would be its altitude on a 
globe of 18 inches in diameter? 

]4<1. If the polar diameter of the earth be to the equa- 
torial diameter as 2'i9 is to 230, what would the poUr 
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diameter of a three iocli globe be, if constructed on this 
principle ? 

142. What inhabitants of tlie eartlij in the couraft of 
12 hours, will be in the same situation as their antipodes ? 

1 43. On what day of the year at London is the tirilight 
eight hours long?- 

144. At what time does the sun rise and set at London^ 
when the inhabitants at the north pule begin to have dark 
night ? 

145. At what hour does the sun set at the Cape of 
Good Hope, when total darkness ends at the north 
pole ? 

i46. What is the moon's longitude if full moon bap- 
pens on the 6th of April 1822? 

147. Does the aun ever rise and set at the north pole ? 

148. At what hour of the day, on the 15th of April, 
will a person at London have his shadow the shortest 
possible ? 

149. If the precession of the equinoxes be 50J seconds 
in a year, how many years will elapse before the constel- 
lation Aries will coincide with the solstitial colure? 

150. If the obliquity of the ecliptic be continually di- 
minishing at the rate of 56 seconds in a century, ni stated 
by several authors, how many years will elapse from the 
first of January 1822, when the obliquity of the ecliptic ia 
23 deg, 27 min. 54 sec, before the ecliptic will comcide 
with the eijuinoctial ? 

151. Required the duration of dark night at the south 
of Nova Zenibla ? 

1 52. When constant twilight ends at Petersburg, where 
is the day 18 hours long? 

153. At what hour does the sun set at Constantinople, 
when it rises 12 deg. to the north of the east? 

154. What is the difference between a solar and a 
siderial year, and what does that difference arise from? 

155. What is the difference between the length of 8 
natural or astronomical day and a siderial day, and how 
does the difference arise? 

156. Re{|uired the difference between the length of 
the longest day at Cape Horn and at Edinburgh ? 

157. If one man were to travel eight miles a da^ weat^ 

a 4 2j^ 
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ward round the earth at the equator, and another two 
miles a day westward round it in the latitude of 80 deg. 
north ; in now many days would each of them return to 
the place whence he set out? 

15S. If a pole of 18 feet in length be placed perpen- 
dicular to the horizon of London on the 15tli of July, and 
another exactly of the same length be placed in a Eimilar 
manner at Edinburgh, which wUI cast the longer shadow 
at noon? 

159. If the moon be in 29 deg. of Leo at the time of 
new moon, what sign and degree will she be in when she 
IS five days old? 

160. What is the duration of constant day or twilight 
at the north of Spitzbergen ? 

161. What place upon the globe has the greatest lon- 
gitude, tile least longitude, no longitude, and every lon- 
gitude ? 

162. In what latitude is the lengtli of the longest day, 
to the length of the shortest, in the ratio of 3 to 2 ? 

163. If a man of 6 feet high were to travel round the 
earth, how much farther would his head go than his feet? 

164. On what day of the week will the tenth of January 
fall in the year 1825? 

165. At what hour, in the afternoon, London time, on 
the 2Ist of June, will the shadow of a pole 10 feet high 
at Barbadoes, be the same length as tlie meridional 
shadow of a similar pole at London on tlie same day ? 

166. One end of a wall declines 30 degrees from the east 
towards the north, and the other eud 60 degrees from the 
south towards the west in latitude 51° 30' N., at what 
hour on the 21st of June does the sun begin to shine on 
the Goutfa of the wall, and at what hour does it leave it? 

167. The south wall of a church declines IS' 30* to- 
wards the east, in latitude 52° N., against which a verti- 
cal dial is fixed; for how many hours will the sun shine 
upon that dial on the 10th of May? 

168. A clock, witli a pendulum that beat secondj, and 
kept true time on the surface of tlie earth, was carried to 
the top of a mountain, and there lost 3 seconds in an 
hour, what was the height of the mountain? 

CBAt- 
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A Collection of Questions, with References to the Pagas 
where the AnsjDers jvill he found ; designed as an At- 
siitant to the Tutor* in the examination of the Student, 

1. How many kinds of artificial globes are there? ' 

2. What does llie surface of the terrestrial globe re- 
present, and which way is its diurnal motion? (page 1.) 

3. What does the surface of the celestial globe exhibit, 
which way is its diumal motion, and where is the student 
supposed to be situated when using it ? 

I. GREAT CIRCLES OS THE TERRESTRIAL GLOBE. 

1. Wliat is a great circle, and how many are there 
drawn on the terrestrial globe? [Definition 6, page 3.) 

2. What is the equator, and what is its use ? {Def. 10, 
page S.) 

3. What are the meridians, and how many are drawn 
OD the terrestrial globe ? (Def. 8, page 3.) 

4. What is the first meridian ? (D^. 9, page 3.) 

5. What is the ecliptic, and where is it situated ? {Defi 
n, page 3.) 

6. Wliat are the colures, and mto how many parts do 
they divide the ecliptic? (Def. 14, page 5.) 

7. What are the liour- circles, and how are they drawn 
on the globe? (Def. 50, page 12.) 

8. What hour-circle is called the six o'clock hour line? 
(Dr/.51,pagel2.) 

9. What aie the azimuth or vertical circles, and what 
is their use? (Def. 43, page 11.) 

10. What ia the prime vertical? (Def, 44, page 11.) 



■ Thougli B Kfeicnce be gircn to the pagci where Uw Rniiwer 
Mdi qucidoa maj be fouodi yti, gwrhaps, it would lie better for 
Hudent DDE to Icurn the ■niwers by licEit, terbntjin from the bo 
but la fnunc an uiswer hiuiulf, from nn nttcntive perusol of hii 1 
Km: by vtiicli means the undentaadiug wilt be called inlo eicri 
4i well aa llie autanry, 
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U. SMALL CIRCLES ON THE TERRESTRIAI, GLOBB. 

1. What is a small cibci:.]!, and how many are geoe* 
rally drawn on the terrestrial globe? {D^. 1, page 3.} 

2. What are the tropics, and how far do they extend 
fi-om the equator, 4c.? (Bef. 16, page 6.) 

3. What are the polar circles, and where are they situ- 
ated? (Def. 17, page 6.) 

4> What are the parallels of latitude, and how inanj 
are generally drawn on the terrestrial globe ? (D^. a, 
p^e6.) 

5. What circles are called Almacanters ? (De/". 40. 
page IIO 

III. GRBAT CIRCLES OH THE CELESTIAL OLOBE. 

1. How many great circles are drawn on tbe celes' 

tial globe ? 

2. The lines of terrestrial longitude are perpendicuinr 
to the equator, on the terrestri^ g'obe, and all meet ui 
the poles of the world ; to what great circle on the glebe 
are the lines of celestial longitude perpendicular, smf-tm 
what points of the globe do tliey all meet? 

.t. What are the colures, and into how many patt»^ 
they divide tlie ecliptic ? {Def. 14, page 5.) 

4. What is the equinoctial, and what is its nae? [Def. 

10, page 3.) 

5. What is the ecliptic, and where is it ntuateA? {D^> 

11, page 3.) 

6. What is the aodiac, and into how many parts ts it 
divided? (De/". 12, page 4.) 

7. What are the signs of the zodiac, and how are tiiey 
marked? (Def. 13, page 4.) 

8. Which are the spring, summer, autumnal, and winter 
signs : and on ivhat days does the sun enter them ? (!>/'■ 
19, V^KeS.) 

9. Which are the ascending and descending si^u? 
{Def. 13, page 5.) 

IV. SMAU 
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IV. SHALL CIHCLBS OS THE CELESTIAI. GLOBB. 

1. How many small cibclcs are drawn on the celes- 
tial globe ? 

2. What are tlie tropics, and liow far do they extend 
from the ctjuinoctial ? (Def. 16, page 6.) 

S. What are the polar circles, and where are they 
situated? (Dr/: 17, page 6.) 

4. What are the parallels of celestial latitude? (De/t 
41, page II.) 

5. What are the parallels of declination ? {Def. 42, 
page 11.) 

V. THE BRASS MERIDIAN, AND OTHER APPENDAGES TO 



1. What ii the brazen meridian, and how is it divided 
and numbered ? {Def. 5, page 2.) 

2. What is the axis of the earih, and how is it repre- 
sented hy the artificial globes ? {Def. 3, page 2.) 

3. What are tJie poles of the world ? {Def 4, page 2.) 

4. Wliat are the hour-circles, and how are they di- 
vided? (De/. 19, page 6.) 

5. What is the horizon, and what is the distinction be^ 
twecn tlie rational and sensible horizon? [Def. 20, ^1, 
and 22, pages 6 and 7.) 

6. Wlmt is tbe wooden horizon, and how is it divided? 
(Def. 23, page 7.) 

7. What is the mariner's compass, how is it divided, 
and what is the use of it on the globe ? {Def. 33, 34, and 
note page 9.) 

H. What is the quadrant of altitude, how is it divided, 
and what ia its use ? {Def. 37, page lU.) 



"VI. POINTS ON, AND BELONGING TO, THB «.( 

1. What U the pole of a circle ? {Def. 29, pa^ 
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3. What IB the nadir, and of what circle is it the pole i* 
I {C^ 28. page 8.) 

4. What are the cardinal points of the horizon ? {Def. 

24, page 8.) 

5. What are the cardinal points in the heavens ? {Def. 

25, page 8.) 

& Wliat are the cardinal pointe of the ecliptic, and. 
which are the cardinal signs ? {Def. 26, page 8.) 

7- What are the equinoctial points? {Def. 30, page 8.) 

8. What are the solstitial points? {Def. 31, page 9.) 

9. What is the culminating point ot a star, or of a 
planet? {Def. 52, page 13.) 

10. What are the poles of the ecliptic, how far are they 
' from the poles of the world, and in what circles are they 

eituated ? {Def. 29, page 8.) 

' Vn. LATITUDE AND LONGITUDE ON THE TEHRESTRIAl- 
I GLOBE, THE DIVISION OP THE GLOBE INTO ZONKS 

\ AND CLIMATES, THE POSITIONS OF THE SPHERE, 

I THE SHADOWS, AND POSITIONS OF THE INHABITAMT* 

WITH HESFECT TO EACH OTHEK, &C. 

1. What is the latitude of apJace on the terrestrial 
globe? (De/; 35, page 10.) 

2. What is the longitude of a place on the terrestrial 
^lobe? (Z)</. 38, page 10.) 

3. What is a zone, and how many are there on the ter- 
rCitrial globe ? {Def. 70, page 19.) 

i. What is the situation, and what is the extent of the 
torrid zone? {Def. 71, page 20.) 

5. Where are the two temperate zones eituated, and 
what is the extent of each ? {Df. 72, page 20.) 
I 6- Where are the two frigid zones situated, and what 

I 18 the extent of each ? {Def. 73, page 20.) 

1. What is a climate, and how many are there on tfe 
globe? {Def. 69. page 17.) 

8. Have all places in the same climate the same atne- 
spherical temperature? {Note, page 17.) 

9. How many difl«rent positions of the sphere are 
there? ( Def. 65, page 16.) 

10. What is a right spherej and what inhabitants of 
^ tbB 
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the globe have this position ? (Def. 66, page 16; see like- 
wise Prob. XXll. page 2J5.) 

11. What is a parallel sphere, and what inhabitants of 
the globe have this position? (Def. 67, page 16; and 
Prob. XXll. page 216, &c.) 

12. What is an oblique sphere, and what inhabitants 
of the globe have this position? (Def. 68, page 17; and 
Prob. XXll. page 218, &c.) 

13. What parts of the globe do the Amj'HISCii inhabit, 
and why are they so called ? (Def. 74, page 20.) 

It. When do the Amphiscii obtain the name of 
Ascit ? 

15- What parts of the globe do the Heteroscii inha- 
bit, and why are they so called ? (Def. IS, page 20.) 

16. What parts of the globe do the Feriscii inhabit, 
and why are they so called? (Def. 76, page 20.) 

17. Wliat inhabitants are called Antoeci to each 
other, and what do you observe with respect to their 
latitudes, longitudes, hours, &c.? (Def. 77, page 21.) 

18. What inhabitants are called Perioeci to each 
other, and what is observed with respect to their lati- 
tudes, longitudes, hours, seasons, &c.? [Def. 78, page 21.) 

19. What are the Antipodes, and what is observed 
with respect to their seasons of the year, &c. ? (Def. 79, 
page 21.) 



VIII. LATITUDES AND LONGITUDES OF THE STA. 
PLANETS ON THE CELESTIAL GLOBE, SrC. 
WITH THE POETICAL RISING AND SETTING OF THK- 
STARS, &i:. 

1. What is the latitude of a star or planet? (Def. 36, 
page 10.) 

2. What is the longitude of a star or planet ? (Def 39, 
page 11.) 

S. What are the fixed stars, and why are they so 
called? (Df/: 89, page 25.) 

4. What IS a constellation, and how many are there on 
the celestial globe? (Def^X, page 26; Bee the tables, 
pkges 27, 28, and 29.) 
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5. Wbat is meant by the poetical rising and setting of 
the stars ? {Def. 90, page 26.) 

6. When is a star said to rise and set cosmicajly ? 

7. When is a star eaid to rise and get acronically ? 

8. When is a star said to rise and set heliacally ? 

9. What is the Via Lftctea, and through what coostcl- 
lattona does it pass? {Def. 92, page 36.) 

10. What kind of stars are termed Nebulous? {De/IM, 
page 37.) 

11. How are the stars, which hare not particular 
names, distinguished on the celestial globe ? (Def. 9i, 
page 37.) 






1. What k the dscUnation of the 
planet? {Def. 15, page 5.) 

2. What is an hemisiAere ? {Def. 32, page 9.) 
S. ^Vhat is the altitude of any object ia the heavenB? 

(Def.iS, page 11.) 

i. What is the meridian altitude of the sud, a star, or 
ptenet? 

5. What is the zenith distance of a celestial object? 
(De/:4.6, pagell.) 

6. Wliat is the polar distance of a celestial object? 
(Z)e/:47,pagel2.) 

7. What is the amplitude o( a celestial object? {D^. 
48, page 12.) 

8. What is the azimuth of a celestial object ? {D^.iQ, 
page 12.) 

9. What is the right ascension of the sun, or of a Stff« 
&c.? (Oe/ 80, page 21.) 

10. What is the oblique ascension of the sun, or of a 
star, &c.? {Def. 81, page 21.) 

11. Whatisthe oblique deacension of the sun, orofa 
star, &c.? (iJe/: 82, page 21.) 

13> What is the ascensional or desceiisional difference? 
(Def. K, page 21.) 



Ckap. II. OF THE STUDENT. S51 

X. time; tears, days, &C. 

1. What IB a solar or tropical year, and what is the 
length of it? {Df/. 62, page 15.) 

2. What is a liidereat year, and what is its duration? 
(Def. 63, page 15.) 

3. What is an astronomical day? {Def. 58, page 14.) 

4. What is a meau solar day? {Def. 57, page IS.) 

5. What is a true solar day? {Def. 56, page 13.) 

6. What is an artificial day ? (Def. 39, page 14^) 

7. What is a civil day ? {Def. 60, page 14.) 

8. What is a sidereal day? {Def. 61, page 14.) 

9. What is meant by apparent noon, or apparent time ? 
(D^. 53, page 13.) 

10. What is true or mean noon? (Def. 54, page 13.) 

11. What is the equation of time at noon? (Def. 53^ 
page 13.) 

12. What is the calendar? (page 175.) 

13. What is the cycle of the moon, and how is it found? 
(page 176.) 

14. What is the epact, what is its use, and how is it 
found? (page 176.) 

15. What is the cycle of the aim, how is it founds and 
to what use is it applied ? (page 177.) 

16. What is the number of direction, and how is Easter 
found by it? (page 178.) 

17 How do you find the Paschal full moon and Easter 
by the Epatit ? (page 179.) 

IS. In how many years will the error in the Gregorian 
calendar amount to one day? (page 182.) 

19. In what manner da you tind the moon's age, the 
time of new moon, and the time of full moon, by the table 
page 181 ? 



]£]. ASTRONOHICAL A?)D MtSCET-LANSOIIS 
DBFIMITIOKS, &C. 



1. What do you understand by the precession of 
emiinoses, and in what time do lliey nialce an entire re- 
volution round the equinoctial? {Def. 64, page 15.\ 
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2. What is the crepusculum or twilight, aad what U the 
cause of it? {Def 84, page 21.) 

3. What is reiraction, and whence does it ariBe? {Defi 
85, pages 22. 23, and 24..) 

4. What is meant by the parallax of the celestial 
bodies? [Def. 86, page 24.) 

5. What IS an angle of position between two places? 
{D^. 87, page 25; and note, pages 199 and 200.) 

6. What are rhumbs and rhumb-lines ? (Def. 88, 
page 25.) 

7. What are the planets, and how many belong to the 
solar system? (Pe/: 95, page 38.) 

8. What is the distinction between primary and se* 
condary planets, and how many secondary planets belong 
to the solar system ? (Def. 96, and 97, pages 38 and 39.) 

9. What is the orbit of a planet? {Def. 98, page 39.) 
of what figure are the orbits of the planets, ana in what 
part of the figure is the sun placed? (page 143.) 

10. What are the nodes of a planet ? {Def. 99, page 39.) 

11. What are the different aspects of the planets, and 
how many are there? {Def. 100, page 39.) 

M. What are the syzygies and quadratures of the 
nooii,? 

15. When is a planet's motion said to be direct, sta- 
tionary, or retrograde? {Def. 101, 102, and 103, page 39.) 

14. What is a digit? {Def. 104, page 39.) 

15. What is the disc of the sun or moon? {Def. 105, 
page 39.) 

16. What are the geocentric and heliocentric latitudes 
and longitudes of the planets ? {Def. 106 and 1 07, page 
40.) 

17. When is a planet said to be in apogee? {Def. 108, 
page 40.) 

18. When is a planet said to be in perigee ? {Def. 109, 
page 40.) 

19. What is the aphelion or higher apsis of a. planet's 
orbit? (Def.UO, page 40.) 

' 20. What is the perihelion or lower apsis of a planet's 
orbit? (De/:iU, pageiO.) 

SI. "What is the line of the apsides? {Def 112, page 
40.; 
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22. What is the eccentricity of the orbit af a planet ? 
{Def. 113, page +0.) 

23. What is the elongation of a planet? (Def. 118, 
page 40.) 

2+. What are the occuUation and transit of a planet ? 
{Def. 114, and 115, page 40.) 

25. What is the cause of an eclipse<Df the sun ? {Def: 

116, page 40.) 

26. What is the cause of an eclipse of the moon? {Defl 

117, page 40.) 

27. What ate the nocturnal and diumal arcs described 
by the heavenly bodies? {Def. 120. and 119, page41.) 

28. Wliat is the aberration of a star ? {Def. 121, page 
41.) 

29. What arc the centripetal and centrifugal forces ? 
{Def. 122, and 123, page 42.) 

30. What is gravity ? {Def. 8, page 48.) 

. 31. What is the vis inertia of a body ? (Def. 9, page 
48.) 

32. Wliat is matter, and what are its general proper- 
ties? (Def. 1, and 2, page 46.) 

33. What are extension, figure, and solidity ? (Def. 3, 
4, and 5, page 46.) 

34. Can matter be divided ad injinUvm ? (Def. 7, 
page 47.) 

35. What is motion, and what is the distinction be- 
tween absolute and relative motion ? {Def. 6, page 47, and 
Def. 10, page 48.) 

36. How is the velocity of a body measured, and what 
do you understand by the word force? (Def 11 and 12» 
page 48.) 

37. What are Sir I. Kewton's three laws of Motion? 
(pages 49 and 50.) 

38. Wliat is compound motion ? (page 51 to 56.) 

XII, THE SOLAR SYSTEM AND THE SUN, ©. 

1. What is the solar system, and why is it so called? 
(page 138.) 

2. What part of the solar Eystem is called the centre of 
the world? (page 139.) 
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S. Does not the sun revolve on its aids, and what other 
motion has iti' (page 13S.) 

4t Of «hat shape is tlie sun, how far is it From the 
earth, and how many miles is it in diameter ? (page ISQ.) 

S. What is the comparative magnitude between the 
sun and the earth F (page 139.) 



Xm. OB 

1. What is the length of Mercury's year ? (page lil.) 

2. What is the greatest elongation of Mercury? 
S. What is the distance of Mercury from the sun ? 

4. What is the diameter of Mercury ? (page 1*2.) 

5. What is the comparative magnitude between Ner- 
cury and the earth ? 

6. What is the comparison between the light and heat 
irtiich Mercury receives from the sun, and the h'ght and 
heat which the earth receives ? (page J42.) 

7. At what rate per hour are the inhahitaots of 
cury (if any) carried round the flun ? (page 143.) 



XTV, OF VENUS, 5. 
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J. When is Venus an evening star, and in wliat situ- 
ation is she ft morning star ? (page 1440 

2. How long is Venus a morning star ? 

3. In how many days does Venus revolve round the 
8un? 

4. The last transit of Venus over the sun's disc hap- 
pened in 1769, when will the next transit happen? 

5. What is the opinion of Dr. Herschel reepectiog Ae 
mountains in Veous ? (page 145.) 

6. What is the opinion of M. Sciiroeter on the sune 
subject ? (page 154, in the note.) 

7. What is Uie greatest elongation of Venus ? (page 146.| 

8. What is the diameter of Venus ? 

9. What is the magnitude of Venus ? 

JO. What is the distance of Venus from the gun? 
1 If Wliat ia t\ie com^ai'isoaXieV'Naeft the light snd he* 
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which Venus receives from the sun, and the light and 
heat which tlie eurth receives ? 

12. At wbM rate per hour does Venus move round the 
gun ? (page 146-) ^^^ 

XV, or THE EARTH, 0. *^^H 

1 . What is the figure of the earth ? (page 56.) ^^B 

2. Why is the earth represented by a globe? (pageSS.) 

3. What proofs have we that the earth Is globular? 
(pages 57 and 58.) 

4. What would be the elevation of Chimbora^o, the 
highest of tho Andes mountains, on an artificial globe of 
18 inches diameter ? (page 58, the note.) 

6. What is a spheroid, and how is it generated ? (page 
58, the note.) 

6. What is the difference between the polar and equa- 
torial diameters of the earth? (page 60, and the note.) 

7. What is the length of a degree? (pages 61, 62, and 
the note.) 

8 What is the use of finding the length of a degree, 
and how can tlie magnitude of the earth be determined 
thereby? (page 61.) 

9. Who was the first person who measured the length 
of a degree tolerably accurate? (page 62.) 

10. What is the length of a degree according to the 
French admeasurement? (page 62, the note.) 

11. In what time does the earth revolve on its axia 
fhim west to east? (page 63, and Def.Gi, page li and 
the note.) 

12. What is the diameter of the earth ; what is its cir- 
cumference, and how are they determined ? (pages 61, 
e2, and the note.) 

IS. What proofs can you give of the diurnal motion of 
the earth ? (pages 63 and 64.) 

14. How do you explain the phaenomena of the ap- 
parent diurnal motion of the sun? (page 65.) 

15. What proofs can you give of Die annual modon 
of the earth ? (page 66. ) 

16. Wiiat is the distance of the earth from the sun, 
and how is it calculated ? (page 67) aad th« \inv^.\ 
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17. At what rate per hour does the earth travel round 
thesun? (page 68.) 

. 18. At what rate per hour are the inhabitants of the 
equator carried from weat to east by the revolution of the 
earth on its axis, and at what rate per hour are the inha- 
bitants of London carried the same way ? 

19. How do you explain the motion of the earth round 
the sun ? (page 68.) 

20. How do you illustrate the phenomena of the dif- 
ferent eeasons of the year? (page 70.) 



XVI. OF THE MOOK, S , 

1. How many kinds of lunar months are there ? (p^^ 
U7.) 

2. Wbat is a periodical month ? (page 14^7-) 

3. What is a synodical month ? 

4. When is the eccentricity of the moon's elliptical 
orbit the greatest ? 

5. When is the eccentricity of the moon's elliptical 
orbit the least? 

6. Whether does the motion of the moon's nodes follow, 
or recede from the order of the signs? (page 148.) 

T. In how many years do the moon's nodes form & 
complete revolution round the ecliptic ? 

8. In what time does the moon turn on her axis? 
, 9. What is the libration of the moon? 

,10. Is the path of the moon convex, or concave toward* 
tbesun? (page 149.) 

11. Please to explain the different phases of the moon? 
(pages 149 and 150.) 

12. What point on the earth has a fortnight's moon- 
light and a fortnight's darkness, alternately ? (pages ISO 
and 217.) 

13. What is the moon's mean horizontal parallax, and 
at what distance is she from the earth ? (page 151.) 

14. What is the magnitude of the moon when compared 
with that of the earth ? 

15. How many miles is the moon in diameter? 

16. In how many days ilkoes \Ue maQt^^rfarQi her <«- 
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volution round the earth, and at what rate does she travel 
per hour? (page 152.) 

17. In what manner have astronomers described the 
different spots on the moon's surface? 

16. Have not astronomers discovered volcanoes, moun- 
tains, Sec. in the moon? 



XVII. OF MAHS, J. 

1. What is the general appearance of Mars? (page 
155.) 

2. In fvhat time does Mars revolve on his axis? 

S. In what time does Mars perform his revolution 
round the sun, and at what rate does he travel per hour? 
(pages 155 and 15S.) 

i. How far is Mars distant from the sun ? (page 156.) 

5. How many miles is Mars in diameter ? 

6. What is the comparative magnitude between Mars 
and the earth ? 



XViU. OF CERES f, PALLAS $, JUNO f, AND VKSTA g.' 

1. When and by whom was the planet or Asteroid 
Ceres discovered ? (page 157.) 

2. How many miles is Ceres in diameter ? 

3. What is the distance of Ceres from the sun, and 
what is the length of her year ? 

4. Wlien and by whom was Pallas discovered? (page 
15S.) 

5. What is the diameter of Pallas in English miles? 

6. What is the distance of Pallas from the aun, and the 
length of her year ? 

7. Wlio discovered the planet Juno? (page 157.) 

8. How far is Juno distant from the sun, and what is 
the length of her year? 

9. By whom was Vesta discovered? 

10. What is the length of Vesta's year, and how faris 
■he from the sun ? 
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XIX. OF JUPITER, %y &C. 

1. In what situation is Jupiter a morning 6tar» and in 
irfaftt situation is he an evening star ? (page 158.) 

2. In what time does Jupiter revolve on his axis ? 
S. What are Jupiter's belts? 

4. In what time does Jupiter perform his revolution 
round the sun, and at what rate per hour does he travel ? 

(page 159.) 

5. What is the distance of Jupiter from the son ? 

6. What is the diameter of Jupiter in English miles ? 

7. What is the comparative magnitude between Jupiter 
and the earth ? 

8. What is the comparison between the light and heat 
which Jupiter receives from the sun, and the light and 
heat which the earth receives ? (page 159.) 

9. How many satellites is Jupiter attended by ? (page 

160.) 

10. By whom were the satellites of Jupiter discovered ?' 

11. In what time do the respective satellites perform 
their revolutions round Jupiter ? 

12. In what manner are the longitudes of places deter- 
mined by the satellites of Jupiter? (page 161.) 

1 3. please to explain the configuration of the sateUitea 
of Jupiter as given in the Xllth page of the Nautical 
Almanac? 

14?. How was the progressive motion of light dis- 
covered? (page 162.) 

XX. OF SATURN, T2, &C. 

1. What is the appearance of Saturn when viewed 
through a telescope ? (page 163.) 

2. In what time does Saturn p^form his revolutioa 
round the sun, and at what rate does he travel per hour ? 

3. What is the distance of Saturn from the sun? 

4'. How many English miles is Saturn in diameter, and 
what is his magnitude compared with that of the earth 7 

(page 1640 

- ^,What 
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5. What is the comparison between the light and heat 
which Saturn receives from the sun, and the light and 
heat which the earth receives ? 

6. In what time does Saturn revolve on his axis? 

7. How many moons ib Saturn attended by, and by 
whom were they discovered ? 

S. Pray is not the Beventh satellite the nearest to 
Saturn, and, if so, why was it not called the first satellite ? 
(page 165.) 

9. What is the ring of Saturn, and how may it be re- 
presented by tile globe? (page 166-) 

JO. By whom was tlie ring of Saturn discovered? 

1 1. In ivhat time docs the ring of Saturn revolve round 
the axis of Saturn ? 



XXI. OP THE GEORGIAN PLANET, ^, &C. 

1. When and by whom was the Georgian planet dis- 
covered ? (page 166.) 

'2. What is the appearance of the Georgian when 
<Hewed through a telescope? (page 167.) 

3. In what time does the Georgian planet revolve 
round the sun, and at what rate per hour dues it travel? 

4- What is the comparative magnitude between the 
Georgian planet and the Earth ? 

5. How many aatellites belong to the Georgian? 

6. By whom were the satellites of the Georgian dis- 
covered, and in what order do they perform their revolu- 
tions round the planet? (page 168.) 

N. B. The tular Huy cxlmd thene qfieithns lo the Geagnphicii Theo- 
rem; JK^ *2. ta Chap, r. Vt. VII. nil. cnut IX. Part I., and 
to Chap. I. It. lit. If. and VI. Part 11. ,- alia (n the matmar of 
tolimg the diffHranX problema, ^. 



Books written bi/ the Author of this Work, and sold hy 
Messrs. Longman, Hurst, Rees, Orme, and BROffH, 
Pate rnoster-RoK. 

I, Thk Comflkte PaAcTiCit A«nttKETicUit; eontaining aereral 
new and useful ImprovemenU. Adipted to the use oT Schoo)) 
priiale Tuition. The EighOi EdUion, corrected. 

Z. A Ket to the Complele Piactical ArilhmelidBn , 
answers to all the questions, as they stand io tJie last Eilitioti. Ite 
foltrlA Edition, corrected. 

S. A ShoST and KaSV IlTBOnCCTlON TO THE SciXHCK OF CkI- 

SLArHr 1 containing on accurals deicHption of the sitiution, eitaU, 
ItoundarieB, divi^ona, chief cities, &c, of the leveral cmpirea, king- 
doms, states, and countriei in die known world. Together with tb> 
cotuuiK^on and use of Maps. The Sevenlli Eiiition, corrected and 
improved. 

4. Ah IniboductioN to the Tbkokt and Puactick of Plans and 

SrHIKICAL TaiGONOHITHV, Blld ijie STEaEOGBArHIC PaOJTCTlOU rf 

tlie Sfbeke, including the Tuioay of Nividation. CompicbeodiDg 
a variety of Rules, Formula, &c. with their Fractical Application! to 
the Jfcnsuration of Hei);hts and Distances ; to detcnnining the lati- 
tude by two Altitudes of the Sun ; the Longitude by the Lunar Ob- 
SerrationE, and to other important Problems on At Sphere and on 
Kaullcal Astionomy. The Astronoioical Exercises are corrected ts 

The Fourth Editwn, corrected and improved, in Bvo. price 14s. in 

•,» This work is printed on a large nnd full page, and in exeiajdi- 
£ed by agicat number of wood cuts and copper-plates very Deatiy eit- 
culcd. It also conlwns a Table of the Logarithms of Numbers fron 
ao imit to ten thousand ; o table of natural nnes to every degree asd 
Toinute of the quadrant ; and a table of logarithmical sines, tangens, 
&c to every degree and minute of the quadrant. These tables are x 
coDtrived as to occupy no more than forty-eight pages of the bool ; 
Ihey will save the great expense of a large set of tables, and atuwer 
every purpose of instniction with equal advantage. 

5. The Eleuents or Flahi Giohetrt ; contaiuing the Tint 
Six Books op Euclid, from the teit of Da. Sdudn, Emeritus Pn>- 
feisar of Mathematics in the Universty of Glasgow, with Notes cii- 
tical and explanatory. To which iru added Book Vlllli, includjug 
aevenl important propobitions which are not in Eucun ; lagethet mill 
the quadrature of the circle, the lune of Hippocrates, the maiimt 
and minima of Geometrical quantities, &c. ; and Book VIII. cod. 
^sting of Practical Geometry ; also, Book I X^ of Planes and 
their Intersections, and Bode X. of the Geometry of Solid*, llw 
Stamd Eiiiiion, corrected, with additions. In Svo. price lOl. SJ^ 




SI 




L 






\ 



I 






:^. 



»^. 



n 



k 



r' 



I 

1^ 



\ 



\ 



■ ^1 



1 

i 



T 
I. 



I* ^ 



*^ 



s 



/, 



^: 



s 



\ 



